
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



^o, 






-BUH 



LIBRARY 

OF THK 

University of California. 



GIKT OK 




JMY 



m 0419:5 Class C 



uiniAinr 

6 




Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



i^le ^etitenntal pubUtatrnfi 

STUDIES IN PHYSIOLOGICAL 
CHEMISTRY 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



ffltb the approval of the President and Fellows 
of Tale University^ a series of volumes has been 
prepared by a number of the Professors and In- 
structors^ to be issued in connection with the 
Bicentennial Anniversary^ as a partial indica- 
tion of the character of the studies in which the 
University teachers are engaged. 

This series of volumes is respectfully dedicated to 

Sfie ^(laDttatetf of ^ Wai\uxi\Vi 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



STUDIES 



IN 



PHYSIOLOGICAL CHEMISTRY 



BEING REPRINTS OF THE MORE IMPORTANT STUDIES 

ISSUED FROM THE LABORATORY OF 

PHYSIOLOGICAL CHEMISTRY 



SHEFFIELD SCIENTIFIC SCHOOL 

OF 

YALE UNIVERSITY 

During th£ Years 189 7-1 900 

EDITED BY 

R. H. CHITTENDEN, Ph.D. 
If 

Professor of Physioli^cal Chemistry and Director of the Sheffield 
Scientific School 




NEW YORK: CHARLES SCRIBNER'S SONS 

LONDON: EDWARD ARNOLD 

1901 



Digitized by VjOOQIC 



^Vs'o'l 



JO 

BI0L06T 

LIBRARY 

6 



Copyright, 190h 
By Yale University 

PuNuJUd, SepUmber^ rgor 



UNIVERSITY PRESS • JOHN WILSON 
AND SON • CAMBRIDGE, U.S. A. 



Digitized by VjOOQIC 



TABLE OP CONTENTS. 



Paos 
Bibliography of the Sheffield Laboratory of Physiological Chemistry, 
from its commencement in 1875 until the end of the year 1900 . ix 

The Influence of Borax and Boric Acid upon Nutrition, with special 
reference to Proteid Metabolism. By R. H. Chittenden and 
William J. Gies 1 

The Mucin of White Fibrous Connective Tissue. By R. H. Chit- 
tenden and William J. Gibs 42 

The Gelatin from White Fibrous Connective Tissue. By Willard 
G. Van Name 59 

A Further Study of the Influence of Alcohol and Alcoholic Drinks 
upon Digestion, with special reference to Secretion. By R. H. 
Chittenden, Lafayette B. Mendkl, and Holmes C. Jackson 78 

The Rotary Properties of some Vegetable Proteids. By Arthur 
C. Alexander 124 

The Chemical Composition and Nutritive Value of some Edible 
American Fungi. By Lafayette B. Mendel 145 

Papain-Proteolysis, with some Observations on the Physiological 
Action of the Products formed. By R. H. Chittenden, 
Lafayette B. Mendel, and H. E. McDkrmott 160 

Notes on Cetraria Islandica (Iceland Moss). By Ernest W. Brown 186 

The Influence of Bile and Bile Salts on Pancreatic Proteolysis. By 
R. H. Chittenden and Alice H. Albro 193 

On the Excretion of Kynurenic Acid. By Lafayette B. Mendel 
and Holmes C. Jackson 226 

Variations in the Amylolnic Power and Chemical Composition of 
Human Mixed Saliva. By R. H- Chittenden and A. N. 
Richards 256 

On the Paths of Absorption for Proteids. By Lafayette B 
Mendel 274 






Digitized by VjOOQIC 



viii CONTENTS, 

Paob 

A Chemico-Phy Biological Study of Certain Deriyatives of ihe Proteids. 
By R. H. Chittenden, Lafayette B. Mendel, and Yandell 
Henderson 279 

On Absorption from the Peritoneal Cavity. By Lafayette B. 
Mendel 825 

Observations on the Nitrogenous Metabolism of the Cat, especially 
on the Excretion of Uric Acid and Allantoin. hy Lafayette 
B. Mendel and Ernest W. Brown 887 

Of the Occurrence of Iodine in the Thymus and Thyroid Glands. 
By Lafayette B. Mendel 847 

The Formation of Melanins or Melanin-like Pigments from Proteid 
Substances. By K. U. Chittenden and Alice H. Albro ' . . 854 

A Note on the Cholesterin-esters of Birds' Blood. By Ernest W. 
Brown 871 

Metabolism in the Submaxillary Gland during Rest and Activity. By 
Yandell Henderson 876 

On Uric Acid Formation after Splenectomy. By Lafayette B. 
Mendel and Holmes C. Jackson 888 

The Amide Nitrogen of Proteids. By Yandell Henderson . . 890 

On the Phosphorus Content of the Paranuclein from Casein. By 
Holmes C. Jackson 898 

Brief Contributions to Physiological Chemistry. Communicated by 
Lafayette B. Mendel : 

L On the Occurrence of Iodine in Corals. By Lafayette 

B. Mendel 402 

n. Glycogen Formation after Inulin Feeding. By R. 

Nakaseko 406 

in. The Influence of Acids on the Amylolytio Action of 

Saliva. By G. A. Hanford 410 

IV. On the Connective Tissue in Muscle. By J. H. Goodman 421 



Digitized by VjOOQIC 



BIBLIOGRAPHY 

OF THX 

SHEFFIELD LABORATORY OF PHYSIOLOGICAL CHEMISTRY, 

FROM IT8 COMMBNCKMENT IN 1875 UNTIL THE END OF 
THE YEAB 1900. 

1875 On Glycogen and Glycocoll in the Muscular Tissue of Pecten irra- 

dians. By R. H. Chii^tenden. American Journal of Science 
and Arts (8), vol. X, pp. 26-82. 

On some interesting Equine Calculi. By R. H. Chittenden. 
American Journal of Science and Arts (3), vol. X, pp. 195-196. 

1876 On the Oxidation Product of Glycogen with Bromine, Silver Oxide, 

and Water. By R. H. Chittenden. American Journal of 
Science and Arts (8^, vol. XI, pp. 395-401. 

1877 On the Chemical Composition of the Flesh of Hippoglossus Ameri- 

canus. By R. H. Chittenden. American Journal of Science 
and Arts (3), vol. XIII, pp. 123-124. 

1878 On Schweitzer's New Acid Ammonium Sulphates. By S. W. 

Johnson and R. H. Chittenden. American Journal of Science 
and Arts (3), vol. XV, pp. 181-134. 

1880 On the Detection and Determination of Arsenic in Organic Matter. 

By R. H. Chittenden and H. H. Donaldson. . American 
Chemical Journal, vol. II, pp. 285-244. "^ 

On the Distribution of Arsenic in the Human Body in a Case of 
Arsenical Poisoning. By S. W. Johnson and R. H. Chittenden. 
American Chemical Journal, voL U, pp. 332-837. 

1881 On the Diastatic Action of Saliva. By R. H. Chittenden and W. 

L. Griswold. American Chemical Journal, vol. Ill, pp. 305-816. 

1882 On Arsenical Bismuth-Subnitrate. By R. H. Chittenden and S. W. 

Lambert. American Chemical Journal, vol. Ill, pp. 396-402. 
Influence of Peptones and certain Inorganic Salts on the Diastatic 
Action of Saliva. By R. H. Chittenden and J. S. Ely. The 
Journal of Physiology, voL III, pp. 327-342. 



Digitized by VjOOQIC 



X BIBLIOGRAPHY. 

1888 On the Alkalinitj and Diastatic Action of Human Saliva. Bj R. H. 
Chittenden and J. S. £lt. American Chemical Journal, vol. 
rV^pp. 829-888. 

On the Distribution of Arsenic in a Human Body. B7 B. H. 

Chittrnden. American Chemical Journal, vol. V, pp. 8-14. 
Ueber die nachsten Spaltungsproducte der Eiweisskorper. B7 W. 

KuHNB and R. H. Chittenden. Zeitschrift fiir Biologic, Band 

XIX, pp. 159-208. 

1884 Ueber Albumosen. Bj W. Kuhne and R. H. Chittenden. 

Zeitfichrift fiir Biologic, Band XX, pp. 11-51. 

On some New Forms of Albumose. B7 W. Kijhne and R. H. 
Chittenden. American Chemical Journal, vol. VI, pp. 81-50 
and pp. 101-120. 

On Palmitic Acid and the Palmitins. Bj R H. Chittenden and 
H. E. Smith. American Chemical Journal, vol. VI, pp. 217-288. 

On the Relative I^gestibility of Fish Flesh in Gastric Juice. B7 
R. H. Chittenden and George W. Cummins. American 
Chemical Journal, vol. VI, pp. 818-882. 

1885 The Diastatic Action of Saliva, as modified b7 various conditions, 

studied quantitativel7. B7 R H. Chittenden and H. £. Smith. 
Transactions Connecticut Academ7 of Arts and Sciences, vol. VI, 
pp. 843-875. Studies from Laborator7 Physiological Chemistry, 
Yale University, vol. I, pp. 1-84. 

The Amylolytic Action of Diastase of Malt, as modified by various 
conditions, studied quantitatively. By R. H. Chittenden and 
Geoboe W. Cummins. Transactions Connecticut Academy of 
Arts and Sciences, vol. VII, pp. 44-59. Studies from Laboratory 
Physiological Chemistry, Yale University, vol. I, pp. 86-51. 

Influence of certain Therapeutic and Toxic Agents on the Amylo- 
lytic Action of Saliva. By R. H. Chittenden and H. M. 
Painter. Transactions Connecticut Academy of Arts and Sci- 
ences, vol. VII, pp. 60-83. Studies from Laboratory Physiological 
Chemistry, Yale University, vol. I, pp. 52-75. 

Influence of Bile, Bile Salts, and Bile Acids on Amylolytic and Pro- 
teolytic Action. By R. H. Chittenden and George W. Cum- 
mins. American Chemical Journal, Vol. VII, pp. 86-62. Studies 
from Laboratory Physiological Chemistry, Yale University, voL I, 
pp. 126-140. 



Digitized by VjOOQIC 



BIBLIOGRAPHY. xi 

Influence of various Inorganic and Alkaloid Salts on the Proteolytic 
Action of Pepsin-Hydrochloric Acid. By R. H. Chittkndkn 
and S. £. Allen. Transactions Connecticut Academy of Arts 
and Sciences, vol. VH, pp. 84-107. Studies from Laboratory 
Physiological Chemistry, Yale University, vol. I, pp. 76-99. 

Absorption of Arsenic by the Brain. By R. H. Chittenden and 
H. £. Smith. Transactions Connecticut Academy of Arts and 
Sciences, vol. VII, pp. 149-162. 

Influence of various Therapeutic and Toxic Substances on the Pro- 
teolytic Action of the Pancreatic Ferment. By R. H. Chitten- 
den and George W. Cummins. Transactions Connecticut 
Academy of Arts and Sciences, vol. VII, pp. 108-124. Studies 
from Laboratory Physiological Chemistry, Yale University, voL I, 
pp. 100-116. 

Influence of Temperature on the Relative Amylolytic Action of 
Saliva and the Diastase of Malt. By R. H. Chittenden and 
W. £. Martin. Transactions Connecticut Academy of Arts and 
Sciences, vol. VII, pp. 126-138. Studies from Laboratory Physio- 
logical Chemistry, Yale University, vol. I, pp. 117-126. 

Influence of Potassium and Ammonium Bromides on Metabolism. 
By R. H. Chittenden and W. L. Culbert. Transactions 
Connecticut Academy of Arts and Sciences, vol. VII, pp. 163-166. 
Studies from Laboratory Physiological Chemistry, Yale Univer- 
sity, vol. I, pp. 146-167. 

Influence of Cinchonidine Sulphate on Metabolism. By R. H. 
Chittenden and Henry H. Whitehouse. Transactions Con- 
necticut Academy of Arts and Sciences, vol. VII, pp. 166-178. 
Studies from Laboratory Physiological Chemistry, Yale University, 
vol. I, pp. 168-170. 

The Post-Mortem Formation of Sugar in the Liver in the presence 
of Peptones. By R. H. Chittenden and Alexander Lam- 
bert. Transactions Connecticut Academy of Arts and Sciences, 
vol. VII, pp. 179-206. Studies from Laboratory Physiological 
Chemistry, Yale University, vol. I, pp. 171-198. 

1886 Globulin und Globulosen. By W. Kuhne and R. H. Chittenden. 
Zeitschrift fur Biologic, Band XXII, pp. 409-422. Studies from 
Laboratory Physiological Chemistry, Yale University, vol. II, 
pp. 1-18. 

Ueber die Peptone. By W. Kuhne and R. H. Chittenden. 
Zeitschrift fiir Biologic, Band XXII, pp. 423-468. Studies from 



Digitized by VjOOQIC 



xii BIBLIOGRAPHY. 

Laboratory Physiological Chemistry, Yale University, vol. 11, 
pp. 14-45. 

On the Dehydration of Glucose in the Stomach and Intestines. By 
R. H. Chittkndkn. Transactions Connecticut Academy of Arts 
and Sciences, vol. VII, pp. 252-269. Studies from Laboratory 
Physiological Chemistry, Yale University, vol. II, pp. 46-53. 

Influence of Uranium Salts on the Amylolytic Action of Saliva and 
the Proteolytic Action of Pepsin and Trypsin. By R. H. Chit- 
tenden and M. T. Hutchinson. Transactions Connecticut 
Academy of Arts and Sciences, vol. VII, pp. 261-278. Studies 
from Laboratory Physiological Chemistry, Yale Universify, vol. II, 
pp. 55-67. 

The Relative Distribution of Antimony in the Organs and Tissues 
of the Body under Varying Conditions. By R. H. Chittendpn 
and Joseph A. Blake. Transactions Connecticut Academy of 
Arts and Sciences, vol. VTI, pp. 274-292. Studies from Labora- 
tory Physiological Chemistry, Yale University, vol. II, pp. 68-86. 

Influence of Antimonious Oxide on Metabolism. By R. H. Chit- 
tenden and Joseph A. Blake. Transactions Connecticut 
Academy of Arts and Sciences, vol. VII, pp. 293-300. Studies 
from Laboratory Physiological Chemistry, Yale University, vol. II, 
pp. 87-94. 

On some Metallic Compounds of Albumin and Myosin. By R. H. 
Chittenden and Henry H. Whitehouse. Transactions Con- 
necticut Academy of Arts and Sciences, vol. VII, pp. 301-331. 
Studies from Laboratory Physiological Chemistry, Yale University, 
vol. n, pp. 95-125. 

Egg- Albumin and Albumoses. By R. H. Chittenden and Perot 
R. Bolton. Transactions Connecticut Academy of Arts and 
Sciences, vol. VII, pp. 332-361. Studies from Laboratory Physio- 
logical Chemistry, Yale University, vol. II, pp. 126-155. 

Casein and its Primary Cleavage Products. By R. H. Chittenden 
and H. M. Painter. Transactions Connecticut Academy of Arts 
and Sciences, vol. VII, pp. 863-405. Studies from Laboratory 
Physiological Chemistry, Yale University, vol. II, pp. 156-199. 

1887 Influence of some Organic and Inorganic Substances on Gas Metar 
holism. By R. H. Chittenden and G. W. Cummins. Trans- 
actions Connecticut Academy of Arts and Sciences, vol. VTI, pp. 
406-442, 1 pi. Studies from Laboratory Physiological Chemistry. 
Yale University, voL II, pp. 200-236. 



Digitized by VjOOQIC 



BIBLIOGRAPHY. xiii 

1888 Some Experiments on the Physiological Action of Uranium Salts. 
By R. U. Chittenden and Alexander Lambert. Transac- 
tions Connecticat Academy of Arts and Sciences, vol. VIII, pp. 
1-18. Studies from Laboratory Physiological Chemistry, Yale 
University, vol. Ill, pp. 1-18. 

Elastin and the Elastose Bodies. By R. H. Chittenden and 
Horace S. Hart. Transactions Connecticut Academy of Arts 
and Sciences, vol. YUI, pp. 19-38. Studies from Laboratory 
Physiological Chemistry, YaJe University, vol. UI, pp. 19-88. 

The Influence of Urethan, Paraldehyde, Antipyrin, and Antifebrin 
on Proteid Metabolism. By R. H. Chittenden. From experi- 
ments made by N. P. Washburn, J. E. Dockendorff, H. F. Adams, 
and H. C. Taylor. Transactions Connecticut Academy of Arts 
and Sciences, vol. YIII, pp. 39-59. Studies from Laboratory 
Physiological Chemistry, Yale University, vol. Ill, pp. 39-59. 

The Influence of several New Therapeutic Agents on Amylol^'tic 
and Proteolytic Action. By R. H. Chittenden and C. W. 
Stewart. Transactions Connecticut Academy of Arts and Sci- 
ences, vol. Vni, pp. 60-65. Studies from Laboratory Physio- 
logical Chemistry, Yale University, vol. Ill, pp. 60-65. 

Caseoses, Casein-Dyspeptone, and Casein-Peptone. By R. H. Chit- 
tenden. From experiments made by C. A. Tuttle and Charles 
Norris, Jr. Transactions Connecticut Academy of Arts and 
Sciences, vpl. VIII, pp. 66-106. Studies from Laboratory Physio- 
logical Chemistry, Yale University, vol. Ill, pp. 66-105. 

Some Experiments on the Influence of Arsenic and Antimony on 
Glycogenic Function and Fatty Degeneration of the Liver. By 
R. H. Chittenden and J. A. Blake. Transactions Connecticut 
Academy of Arts and Sciences, vol. VIIT, pp. 106-114. Studies 
from Laboratory Physiological Chemistry, Yale University, vol. 
in, pp. 106-114. 

.The Nature and Chemical Composition of the Myosin of Muscle 
Tissue. By R H. Chittenden and G. Wyckoff Cummins. 
Transactions Connecticut Academy of Arts and Sciences, vol. 
VIII, pp. 115-138. Studies from Laboratory Physiological Chem- 
istry, Yale University, vol. Ill, pp. 115-138. 

Myosinoses. By W. KiJHNE and R. H. Chittenden. Transac- 
tions Connecticut Academy of Arts and Sciences, vol. VIII, pp. 
189-147. Studies from Laboratory Physiological Chemistry, Yale 
University, vol. Ill, pp. 139-147. 



Digitized by VjOOQIC 



xiv BIBLIOGRAPHY. 

Myosin nnd Myosinosen. By W. Kuhne and R. H. Chittendrn. 
Zeitschrift fur Biologie, Band XXV, pp. 858-86 7. 

The Relatiye Absorption of Nickel and Cobalt. By B. H. Chit- 
tenden and Charles Norris, Jr. Transactions Connecticut 
Academy of Arts and Sciences, vol. VIII, pp. 148-157. Studies 
from Laboratory Physiological Chemistry, Yale University, vol. 
Ill, pp. 148-157. 

1889 Observations on the Digestive Ferments. By R. H. Chittenden. 

Medical News, February. 

1890 Ueber das Neurokeratin. By W. KChne and R. H. Chittenden. 

Zeitschrift fiir Biologie, Band XXVI, pp. 291-828. 
On the Primary Cleavage Products formed in the Digestion of 
Gluten-Casein of Wheat by Pepsin-Hjdrochloric Acid. By R. 
H. Chittenden and £. £. Smith. The Journal of Physiology, 
vol. XI, pp. 410-484. 

Crystalline Globulin* and Globuloses, or Yitelloses. By R. H. 
Chittenden and John A. Hartwkll. The Journal of Physiol- 
ogy, vol. XI, pp. 486-447. 

1891 The Relative Formation of Proteoses and Peptones in Gastric 

Digestion. By R. H. Chittenden and J. A. Hartwsll. The 
Journal of Physiology, vol. XII, pp. 12-22. 

The Primary Cleavage Products formed in the Digestion of Gelatin. 
By R. H. Chittenden and Fred. P. Sollet. The Journal of 
Physiology, vol. XII, pp. 28-88. 

Myosin-Peptone. By R. H. Chittenden and Ralph S. Goodwin. 
The Journal of Physiology, vol. XII, pp. 84-41. 

The Nutritive Value of Beef Preparations. By R. H. Chittenden. 
Medical News, voL-LVIII, pp. 716-719. 

The Influence of Alcohol on Proteid Metabolism. By R. H. Chit- 
tenden. From experiments conducted by Charles Norris, Jr., 
and E. E. Smith. The Journal of Physiology, vol. XII, pp. 
220-282. 

A Study of the Proteids of the Corn, or Maize, Kernel. By R. H. 
Chittenden and Thomas B. Osborne. American Chemical 
Journal, vol. XIII, pp. 463-468, 529-562 ; vol. XIV, pp. 20-44. 

On the Ferments contained in the Juice of the Pineapple (^Ananassa 
sativa), together with some Observations on the Composition and 
Proteolytic Action of the Juice. By R. H. Chittenden, E. P. 
JosLiN, nnd F. S. Meara. Transactions Connecticut Academy 
of Arts and Sciences, vol. VIII, 28 pp. 



Digitized by VjOOQIC 



BIBLIOGRAPHY. xv 

1892 A Case of Alleged Naphtha Poisoning in a Robber Factory, with an 
Inquiry into the £fieet8 of the Inhalation of Naphtha Vapor. By 
B. H. Chittenden and John W. Fablow. Boston Medical 
and Surgical Journal 
Papoid-Digestion. By K H. Chittenden. Transactions Con- 
necticut Academy of Arts and Sciences, vol. IX, 36 pp. 

1898 A Comparison of Artificial and Natural Gastric Digestion, together 
-with a Study of the Diffusibility of Proteoses and Peptone. By 
B. H. Chittenden and George L. Amerman. The Journal of 
Physiology, vol. XIV, pp. 488-508. 

1894 On the Proteolytic Action of Bromelin, the Ferment of Pineapple 
Juice. By B. H. Chittenden. From experiments made by 
Theodore S. Hart, Theodore C. Janeway, W. H. P. Bronson, and 
Vertner Kenerson. The Journal of Physiology, vol. XV, pp. 
249-810. 

A Study of the Primary Cleavage Products resulting from the Action 
of Superheated Water on Coagulated Egg- Albumin. By B. H. 
Chittenden and Frank S. Meara. The Journal of Physiology, 
vol. XV, pp. 501-584. 

On the Proteolysis of Crystallized Globulin. By B. H. Chitten- 
den and Lafayette B. Mendel. The Journal of Physiology, 
vol. XVII, pp. 48-80. 

1896 A Study of some Infant Foods in comparison with Mother's Milk. 

By B. H. Chittenden. New York Medical Journal, pp. 71-75. 

The Influence of Alcohol and Alcoholic Drinks upon the Chemical 

Processes of Digestion. By B. H. Chittenden and Lafatette 

B. Mendel. American Journal of Medical Science, January- 
April, 86 pp. 

1897 The Mucin of White Fibrous Connective Tissue. By B. H. Chit- 

tenden and William J. Gies. The Journal of Experimental 
Medicine, vol. I, pp. 186-201. 
The Botary Properties of some Vegetable Proteids. By Arthur 

C. Alexander. The Journal of Experimental Medidne, vol. I, 
pp. 804-822. 

The Gelatin from White Fibrous Connective Tissue. By Willard 
G. Van Name. The Journal of Experimental Medicine, vol. II, 
pp. 117-129. 

1898 The Influence of Borax and Boric Acid upon Nutrition, with Spe- 

cial Beference to Proteid Metabolism. By B. H. Chittenden 
and William J. Gies. American Journal of Physiology, vol. I, 
pp. 1-89. 



Digitized by VjOOQIC 



xvi BIBLIOGRAPHY. 

A Further Study of the Influence of Alcohol and Alcoholic Drinks 
upon Digestion, with Special Reference to Secretion. By R. H. 
Chittenden, Lafatette B. Mendel, and Holmes C. Jack- 
son. American Journal of Physiology, vol. 1, pp. 164-209. 

The Chemical Composition and Nutritive Value of some £dible 
American Fungi. By Lafayette B. Mendel. American Jour, 
nal of Physiology, vol. I, pp. 225-238. 

Papain-Proteolysis, with some Observations on the Physiological 
Action of the Products formed. By R. H. Chittenden, La- 
fayette B. Mendel, and H. £. McDermott. American 
Journal of Physiology, vol. I, pp. 255-276. 

The Influence of Bile and Bile Salts on Pancreatic Proteolysis. By 
R. H. Chittenden and Alice H. Albro. American Journal 
of Physiology, vol. I, pp. 807-885. 

Notes on Cetraria Islandica (Iceland Moss), ^y Ernest W. 
Brown. American Journal of Physiology, vol. I, pp. 455-460. 

Variations in the Amylolytic Power and Chemical Composition of 
Human Mixed Saliva. By R. H. Chittenden and A. N. 
Richards. American Journal of Physiology, vol. I, pp. 461-476. 

On the Excretion of Kynurenic Acid. By Lafayette B. Mendel 
and Holmes C. Jackson. American Journal of Physiology, 
vol. II, pp. 1-28. 

1899 On the Paths of Absorption for Proteids. By Lafayette B. 
Mendel. American Journal of Physiology, vol. II, pp. 137-141. 

A Chemico-Physiological Study of certain Derivatives of the Pro- 
teids. By R. H. Chittenden. Lafayette B. Mendel, and 
Yandell Henderson. American Journal of Physiology, vol. 
II, pp. 142-181. 

The Formation of Melanins or Melanin-like Pigments from Proteid 
Substances. By R. H. Chittenden and Alice H. Albro. 
American Journal of Physiology, vol. II, pp. 291-805. 

A Note on the Cholesterin-esters of Birds' Blood. By Ernest W. 
Brown. American Journal of Physiology, vol. II, pp. 306-309. 

Zur Kenntniss des durch Siiuren abspaltbaren Stickstoffes der 
Eiweisskorper. By Yandell Henderson. Zeitachrift fiir 
physiologischen Chemie, Band XXIX, pp. 47-58. 

On Absorption from the Peritoneal Cavity. By Lafayette B. 
Mendel. American Journal of Physiology, vol. II, pp. 842-851. 

Metabolism in the Submaxillary Gland during Rest and Activity. 
By Yandell Henderson. American Journal of Physiology, 
vol. Ill, pp. 19-25. 



Digitized by VjOOQIC 



BIBLIOGRAPHY. xvii 

1900 Observations on the Nitrogenous Metabolism of the Cat, especially 
on the Excretion of Uric Acid and Allan toin. By Lafayette 
B. Mendel and Ernest W. Brown. American Journal of 
Physiology, vol. Ill, pp. 261-270. 

On the Occurrence of Iodine in the Thymus and Thyroid Glands. 
By Lafayette B. Mendel. American Journal of Physiology, 
vol. Ill, pp. 285-290. 

On Uric Acid Formation after Splenectomy. By Lafayette 
B. Mendel and Holmes C. Jackson. American Joui*nal of 
Physiology, vol. IV, pp. 168-169. 

On the Phosphorus Content of the Paranuclein from Casein. By 
Holmes C. Jackson. American Journal of Physiology, vol. IV, 
pp. 170-177. 

Brief Contributions to Physiological Chemistry. Communicated by 
Lafayette B. Mendel. I. On the Occurrence of Iodine in 
Corals, by Lafayette B. Mendel, p. 248. U. Glycogen For- 
mation after Inulin Feeding, by R. Nakaseko, p. 246. III. The 
Influence of Acids on the Amylolytic Action of Saliva, by G. A. 
Hanford, p. 250. rV. On the Connective Tissue in Muscle, by 
J. H. Goodman, p. 260. American Journal of Physiology, vol. 
IV, pp. 243-268. 



Digitized by VjOOQIC 



Digitized by VjOOQIC 




STUDIES IN 
PHYSIOLOGICAL CHEMISTRY 



THE INFLUENCE OF BORAX AND BORIC ACID 
UPON NUTRITION, WITH SPECIAL REFER- 
ENCE TO PROTEID METABOLISM.* 

Bt R. H. CHITTENDEN and WILLIAM J. GIEa 

In view of the widespread use of borax and boric acid as food 
preservatives it is somewhat singular that our knowledge of 
the influence of these substances upon the nutritional processes 
of the body is so slight and imcertain. E. de Cyon,t M. 
Gruber4 and J. Forster § have indeed studied the action of 
these agents upon proteid metabolism, but with results which 
are utterly lacking in harmony. Thus Cyon's work with 
borax seemingly indicates that proteid metabolism is diminished 
under its influence, t. ^., that borax tends to protect the 
consumption of proteid matter in the tissues. Gruber's 
experiments, on the other hand, indicate with equal positive- 
ness that borax has no proteid sparing power, but really leads 
to an increase in the rate of proteid metabolism. To add to 
the imcertainty, the experiments with boric acid carried out 
under Forster's supervision tend to show that this agent is 
wholly without influence upon proteid metabolism. Obviously, 

* Reprinted from the American Journal of Fhysiology, vol. i. 

t Cyon, Sur Taction physiologique du borax. Comptes rendiu, 1878, tome 
87, p. 846. 

t Gruber, Ueber den Einfluss dee Borax auf die Eiweisszersetzung im 
OrganismuB. Zeit«chr. f. Biol., 1880, Band 16, p. 108. 

§ Forster, Ueber die Verwendbarkeit der Bors&ore znr Conserrirang Ton 
Nahmngsmitteln. Nach Versnchen von Dr. G. H. Schlencker aus Surakarta. 
ArchiT f . H/giene, 1884, Band 2, p. 76. 
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conclusions which are so much at variance cannot be accepted 
without careful consideration, 

Cyon's experiments were conducted simultaneously on three 
full-grown dogs which were fed upon a diet ahnost exclusively 
proteid. His observations were practically limited to deter- 
mining changes in body-weight during short periods, with an 
estimation of the nitrogen of the urine. He found that during 
the period when borax was included in the food, the a.TiiTnfl.1ft 
gained noticeably in body-weight and that less nitrogen was 
contained in the excreta than in the ingesta. From these 
very crude observations the conclusion was drawn that borax, 
even to the extent of 12 grams per day, may be ingested with 
the food, especially when the latter is essentially proteid in 
nature, without provoking the slightest disturbance in general 
nutrition. Further, Cyon appeared to see in his results 
evidence that borax, if substituted for common salt in foojd, 
will facilitate the assimilation of the latter and bring about a 
great increase in the weight of the animaL Such deductions, 
however, were wholly unwarranted from the data at hand, for 
not only were the periods of observation exceedingly short, 
but, as pointed out by both Gruber * and C. Voit,t the animals 
at the beginning were much emaciated and received throughout 
the experiment such excessive quantities of meat that increase 
of body-weight would have inevitably followed without the 
presence of borax. Consequently, all that can be inferred 
legitimately from Cyon's experiments is that assimilation and 
general metabolism were not seriously affected by borax in 
the quantities given. 

In Gruber's work more scientific methods were pursued, 
but it may well be questioned whether the conditions under 
which the experiments were conducted were adapted for 
bringing out clearly the full action of borax upon proteid 
metabolism. The two dogs employed were fed simply upon 
meat and water, and were presumably in a condition of 
nitrogenous equilibrium. In the first experiment, where the 

* Gniber, loc. cit 

t Voit, Hermann's Handbuch der Phj'Biologie, Band 6, Theil I, p. 166. 
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animal received daily 1500 grams of meat and 200 c.c. of 
water, the daily excretion of urea in the urine varied from 
75.82 grams to 110.30 grams during the six days prior to the 
administration of borax. Then 20 grams of borax were 
introduced with the food, an amount so large that vomiting 
was at once produced, leading to a loss of about 5 grams of 
the borax and about 100 grams of the meat, with most of the 
water. On this day, however, 108.20 grams of urea were 
excreted in the urine, although the food consumed was 100 
grams less than the usual quantity. On the two following 
days, without borax and with the full complement of food, 
the excretion of urea amounted to 109.00 and 107.60 grams 
respectively. From these results Gruber concludes that the 
borax increased the excretion of urea 4-6 per cent. In the 
second experiment, with a dog of 84 kilos body-weight, fed on 
a daily ration of 1100 grams of meat and 200 c.c. of water, 
the daily excretion of urea varied from 70.86 grams to 80.60 
grams for the four days of the normal period, while the 
administration of 10 grams of borax was accompanied by an 
excretion of 82.14 grams of urea, and, on the second day 
following, the introduction of 20 grams of borax was accom- 
panied by an excretion of 85.25 grams of urea. Further, on 
this latter day the volume of urine rose to 1310 cc, while the 
largest daily excretion prior to this day was 1040 cc. Gruber, 
therefore, concludes that borax does not spare proteid as Cyon 
asserts, but, just as in the case of common salt, sodium 
sulphate, and other neutral salts, it causes an increase in the 
elimination of water from the body and induces therewith an 
increased proteid catabolism. It is not to be inferred from 
this statement that there is simply an increased washing out 
of urea from the tissues, for, as Voit * has pointed out, the 
amounts of urea excreted on the days following the ingestion 
of borax simply faU back to the neighborhood of the average 
for the normal period, and do not drop below that average. 
Gruber also concludes that borax has no unfavorable influence 
upon the assimilation of food, since the quantity of fseces, 

• Voit, loc. cit., p. 165. 
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4 INFLUENCE OF BORAX AND 

their content of solid matter and of nitrogen are within the 
limits of the normal elimination during periods when meat 
alone is fed. Further, no harmful influence, even after the 
ingestion of the largest dose — 20 grams — was to be observed, 
and the appetite of the animal was found to be undiminished 
on the days following that upon which borax was given. 
The objection we would make to accepting Gruber's conclu- 
sions in their entirety is that they are based solely upon the 
results following the administration of two large doses of 
borax, 10 and 20 grams, whereas, to our mind, longer periods 
with a dosage of borax continued for several days in succession 
would seemingly render the conditions much more favorable 
for an accurate judgment as to the character of the influence 
exerted by the substance on tissue changes. Further, since 
urea alone was determined in the urine, possible minor changes 
connected with the presence of the salt would naturally be 
overlooked. Lastly, we are inclined to the view that it is 
extremely hazardous to draw such sweeping conclusions from 
one or two single experiments of this nature, especially where, 
as in the animal body, individual characteristics not infrequently 
give rise to exceptional results quite foreign to those ordinarily 
obtainable. 

In Forster's work with boric acid. Dr. Schlencker experi- 
mented on himself, using a mixed diet and taking boric acid 
in daily doses of 1-8 grams. Each experiment consisted of 
three periods, of three days each, the boric acid being taken 
in the middle period. The conclusions arrived at were that 
proteid metabolism is not influenced, the excretion of urea in 
the boric-acid period being midway between that of the fore 
and after periods. It was noticed, however, that the quantity 
of ethereal sulphuric acid in the urine was considerably 
lessened in the boric-acid period and in the period following, 
thus implying an inhibitory influence upon the putrefactive 
processes of the intestine. Further, it was observed that the 
volume of the faeces, together with the contained nitrogen, 
was greatly increased under the influence of boric acid, from 
which it was inferred that this agent interferes with the 



Digitized by VjOOQIC 



BORIC ACID UPON NUTRITION. 5 

assimilation of the food and perbaps, at the same time, gives 
rise to an increased secretion of mucus with a possible increase 
in the discharge of epithelial cells from the intestinal mucosa. 
This latter, however, is purely conjecturaL Increased secretion 
of bile is also said to result &om the action of boric acid. On 
the pulse and temperature no action was observed. 

It is thus quite evident that the influence of borax and 
boric acid on nutrition, and especially their influence on 
proteid metabolism, is by no means wholly settled. The 
preceding statements clearly emphasize the uncertainty of 
our present information on the more essential features of the 
question before us, and we have therefore deemed it desirable 
to carry out, as thoroughly as possible, a series of experiments 
upon the action of both borax and boric acid on proteid 
metabolism and related phases of nutrition. 

Conduct of the Experiments. — The experiments were con- 
ducted wholly upon full-grown dogs ranging in weight from 
8 to 12 kilos. The animals were confined in suitable cages 
partially lined with galvanized iron and with the floor so 
arranged that both fluid and solid excreta could be collected 
in their entirety, while the upper portions of the cage were so 
constructed as to permit unrestricted circulation of air. In 
view of the length of the experiments — ranging from twenty- 
seven to fifty-six days each, with periods of eight to ten days' 
duration — it seem(xl inadvisable as well as unnecessary to 
empty the bladder each day with a catheter. Such diurnal 
variations as might possibly occur from incomplete emptying 
of the bladder at the end of the twenty-four hours would 
obviously be neutralized in periods of the above length, and 
consequently the urine was collected as naturally excreted, 
thus avoiding any possible disturbance of the normal condition 
of the bladder, etc. At the end of each twenty-four hours, the 
urine collected was combined, and its volume, specific gravity, 
etc., determined, after which the bottom of the cage was 
rinsed with a little distilled water and these washings added 
to the main fluid. The latter was then made up to some 
convenient volume in preparation for the daily analysis. 
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The f SBces whenever passed were collected in a weighed dish, 
the mass thoroughly desiccated over a water-bath, and the dry 
weight ascertained. The dried material was then pulverized 
and the nitrogen-content as well as the ether-soluble matter 
determined in sample portions. The nitrogen determinations 
were always made in duplicate by the Kjeldahl method and 
rarely varied more than 0.05 per cent. Whenever, as some- 
times occurred, hair accumulated in the cage it was likewise 
collected and the nitrogen determined. The ether-soluble 
matter was determined by extraction of the dried teces in a 
Soxhlet-apparatus. 

The animals were fed during the experiments on a mixed 
diet composed of fresh lean beef, cracker dust, lard, and water. 
The meat was prepared as follows : fresh lean beef, freed as 
far as possible from all adherent fat and connective tissue, 
was run through a hashing machine, after which it was 
enclosed in a bag of thin cloth, placed under a heavy press, 
and kept there under increasing pressure for several hours, 
the bloody fluid which drained off being thrown away. By 
this method there results a mass of tissue free from surplus 
moisture, and which, when enclosed in a bottle, will keep 
perfectly fresh on ice for seven to ten days without separation 
of fluid. Several advantages accrue from this method. Thus, 
we have a perfectly homogeneous mixture which can be drawn 
from for at least a week with surety that its nitrogen-content 
is constant. There is therefore no necessity for a daily 
determination of nitrogen in this portion of the diet, for each 
sample can be analyzed when prepared and the data accepted 
as long as the meat keeps fresh. Further, meat prepared in 
this manner at different times, if subjected to essentially the 
same pressure, varies only slightly in its content of nitrogen. 
We have invariably analyzed each lot when prepared to avoid 
any possibility of error, but, as the following results show, the 
differences in composition are very slight and necessitate very 
little alteration in the proportion of meat when changing from 
one lot to another. The following results are a few of the 
many obtained: 
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Weight of 


AbMlttto Content 
of nitrogen. 


Nitrogen. 


2'| 

3!; 
4^1 


gnn. 

0.8708 
0.7710 
0.7631 

0.7673 
0.9228 
1.0691 

0.8478 
1.0014 
0.8870 

1.0082 
1.0445 
1.0803 

1.1977 
0.8142 
0.9793 


grm. 
0.08041 
0.02682 
0.02628 

0.02716 
0.08238 
0.08723 

0.08016 
0.08691 
0.08162 

0.08642 
0.03783 
0.08961 

0.04266 
0.02002 
0.03463 


3.49 
8.48 
3.44 

8.64 
3.61 
8.62 

3.66 
8.69 
a66 

3.61 
8.62 
3.67 

3.66 
3.66 
8.64 



The carbohydrate element in the diet, as already stated, was 
supplied by commercial cracker dust. This was purchased in 
large quantity and preserved in well stoppered bottles. It 
contained on an average 1.46 per cent of nitrogen. The lard 
employed was entirely free from any recognizable amount of 
nitrogen. 

The daily diet was divided into two equal portions, one-half 
being fed at 8 A.M. and the other half at 6 p.m. When borax 
or boric acid was given, the daily dose was likewise divided 
and given either with the food or directly after. The body- 
weight of the animal was taken each morning just before 
feeding. Each day's urine included the fluid passed from 
8 A.M. to 8 A.M. of the next day. 

Methods of Analysis. — Nitrogen was determined wholly by 
the Kjeldahl method, viz., in the daily analyses of the urine, 
faeces, and food material. All analyses were made in dupli- 
cate, and the figures given are based upon the average of 
closely agreeing results. In analysis of the urine 6 c.c. were 
used for each determination, oxidation being carried out in a 
long-necked Kjeldahl flask with 10 c.c. of sulphuric acid and 
a crystal of cupric sulphate, thus doing away with the necessity 
of adding sodium sulphide in the distillation. The ammonia 
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formed was distilled into quarter-normal hydrochloric acid, the 
latter being titrated with quarter-normal ammonia, using 
Congo red as an indicator. 

Sulphur and phosphorus were determined in the customary 
manner by evaporating a given volume of the urine — 25 c.c. 
for each determination — in a roomy silver crucible with 10 
grams of pure sodium hydroxide (made from the metal) and 2 
grams of potassium nitrate, igniting the residue until oxidation 
was complete and treating the fused mass with water. For 
sulphur, the mixture was acidified with hydrochloric acid, 
evaporated to dryness, the residue moistened with a few drops 
of hydrochloric acid and dissolved in hot water. The filtered 
solution was then precipitated in the usual manner with 
barium chloride, the resultant barium sulphate filtered, ignited, 
and weighed, thus giving data for calculation of the total 
sulphur. For phosphorus, the aqueous extract of the oxidized 
urine was acidified with nitric acid, evaporated to dryness, the 
residue moistened with nitric acid and dissolved in warm 
water. From this solution the phosphoric acid was precipi- 
tated in the usual manner with molybdic solution and eventually 
transformed into ammonio-magnesiiun phosphate. From the 
weight of magnesium pyrophosphate obtained, the total 
phosphorus of the urine was calculated. 

Uric acid was determined by the well-known Salkowski- 
Ludwig silver method, using 100-200 c.c. of urine. 

Phosphoric acid was determined by Mercier's * modification 
of Neubauer's method, i. «., by titration of 50 c.c. of urine with 
a standard solution of uranium nitrate and tincture of cochineal 
as an indicator. 

Total sulphuric acid was estimated by diluting 25 c. c. of 
urine with 3-4 volumes of water, adding 5 c.c. of dilute 
hydrochloric acid, heating to boiling, and precipitating hot 
with barium chloride. The barium sulphate so obtained, after 
standing twenty-four hours in a warm place, was washed with 
hot water until free from chlorides and lastly with hot alcohol, 
ignited, and weighed. 

* See Neubauer und Yogers Analyse des Hams, neunte Auflage, p. 450. 
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Combined sulphurio acid was determined by Baiunann's 
method, using 100 c.c. of urine.* 

Chlorine was determined in 10 c.c. of urine by Neubauer 
and Salkowski's modification of Mohr's method. f Other 
methods occasionally made use of are referred to in their 
appropriate place. 

First Ezperlment. "With Borax. — The ^.Tiimal made use of 
in this experiment was a short-haired mongrel bitch weighing 
about 12 kilos. She was brought into a condition approxi- 
mating to nitrogenous equilibrium only after a preliminary 
period of nearly three weeks, during which time superfluous 
fat was lost and she became wholly accustomed to her sur- 
roundings. The daily food at the time the experiment actu- 
ally commenced, consisted of 250 grams of the prepared meat, 
70 grams of cracker dust, 40 grams of lard, and 500 c.c. of 
water. It contained 9.814 grams of nitrogen. This diet, 
with the above content of nitrogen, was adhered to through- 
out the entire experiment of twenty-seven days, the only 
variation being the slight changes in the amount of nitrogen, 
to be seen in the tables, incidental to the use of different lots 
of meat and in the employment of gelatin capsules during the 
borax period. These gelatin capsules, in which the borax 
was administered, contained 14.95 per cent of nitrogen, the 
four capsules used each day during the borax period contain- 
ing 0.12 gram of nitrogen. This amount was naturally in- 
cluded in the nitrogen of the food. 

The experiment extended through twenty-seven days and 
was divided into three periods of nine days each : a fore or 
normal period during which no borax was given, a borax 
period during which 46 grams of borax (5 grams a day) were 
administered, and an after period when normal conditions 
again prevailed. During the borax period of nine days the 
quantity of borax given per day amounted to nearly 0.6 per 
cent of the total food and drink ingested, while of the solid 
food it formed 1.3 per cent. This dosage of borax, consider- 
ing the size of the animal, was fairly large, and with this 

• n)id., p. 447. t Ibid. p. 437. 
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particular dog considerable difficulty was experienced in in- 
ducing the animal to take it. At first the borax was simply 
mixed with the food, but its presence was quickly detected 
and the food refused, although it was eventually coaxed 
down, but with some difficulty. After this first day the 
borax was given in capsules, as already stated, and no further 
difficulty of this sort was experienced. Three times during 
the borax period, however, the animal was nauseated and 
vomited a portion of the food, thus showing that this quan- 
tity of borax was sufficient to disturb the physiological equi- 
librium of the animal. The vomited matter was eventually 
eaten, however, later in the day, so that this occurrence did 
not disturb the validity of the experiment. It will be remem- 
bered that in Gruber's experiment with a much larger dog 
(39 kilos) 20 grams of borax likewise caused vomiting. In 
his experiment, however, the entire dose of borax was taken 
at one time, while in our case, 2.5 grams were given in the 
morning and a like quantity at night. Hence, taking into 
account the weight of the dog, it might perhaps be argued 
that 0.26 gram of borax to 1 kilo of body-weight will pro- 
duce vomiting. This, however, is very questionable, for in 
the above experiment the dog did not vomit until the after- 
noon of December 5, when she had already taken 12.5 grams 
of borax. In other words, the animal was without doubt 
suffering in part from the cumulative action of the salt. 
Thus, there was a slight attack of vomiting again on the 
fifth day (December 7) and a final attack on the eighth day 
(December 10). During the after period of nine days the 
animal was perfectly normal, and at the close of the period, 
to again test the action of the borax, 6 grams were given at 
one time shortly after the morning meal. Forty-five minutes 
afterwards the animal vomited, and this occurred three times 
during the forenoon. We are inclined to lay particular em- 
phasis upon this action of the borax because it tends to show 
that in this first experiment the dosage of borax through the 
nine days' period was as large as it well could be for this 
particular animal without vitiating the experiment, and that 



Digitized by VjOOQIC 



BORIC ACID UPON NUTRITION. 11 

the conditions were therefore well adapted for bringing out 
distinctly any possible influence the borax might have upon 
the metabolic phenomena of the body. Further, we would 
call attention to the obvious advantage — in spite of the 
greater labor involved — of continuing experiments of this 
character over comparatively long periods of time. To be 
sure, in some cases where the substance being tested has a 
marked physiological action, a single dose may show at once 
the character of the influence exerted, but too often erroneous 
conclusions are arrived at through negligence of this precau- 
tion. Where, however, the substance under examination is 
given for five to ten days consecutively, with careful ex- 
amination of the excreta, the chances of detecting minor 
influences are greatly increased, and at the same time the 
danger of being led astray by a single exceptional result — 
or by other possible errors — is greatly diminished. 

The tables on the three following pages contain the analyt- 
ical results obtained throughout the experiment. 

On referring to the tables containing the results of the 
first experiment, it is to be noted that in the fore period of 
nine days the total nitrogen ingested amounted to 88.326 
grams, while in the urine excreted during this period there 
were contained 87.185 grams of nitrogen, and in the faeces 
2.122 grams, making a total of 89.307 grams of nitrogen; 
hence the nitrogen balance for the period of nine days is 
—0.981 gram. The body-weight remained practically constant. 
The slight excess of nitrogen excreted over the amount in- 
gested in this period is due possibly to lack of complete 
involution of the mammary glands ; * the deficiency, however, 
is too slight, considering the length of the period, to need 
much consideration. For comparison, the results of the 
three periods showing the relative excretion of nitrogen, may 
be arranged in tabular* form (see p. ISy. 

* Mabcubs : Ueber den N&hrwerth des C&seinB, Pfliiger'B Archly f. d. geB. 
FfajBiol., 1896, Band 64, p. 22a 
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Von Period. Borax Pdriod. ' After Fbriod. 

Nitrogen of Food . . . 88.826 90.118 89.884 

Nitrogen of Urine . . . 87.185) ^-^^T ) ^ ^^'^^^ I on 001 

Nitrogen of F«ce8 . . . 2.122 f^^ 3.91 \^^ 8.624 f^'^^ 

Nitrogen Balance . . -0.981 -1.928 -0.117 

Batio of Urine Nitrogen 

to Food Nitrogen . . 98.6 per cent 07.7 per cent 06.0 per cent 

It is thus evident that in this experiment, in spite of the 
large doses of borax and the length of the period, proteid 
metabolism is not modified in any noticeable degree. The 
amount of nitrogen eliminated through the urine in propor- 
tion to the nitrogen of the food, during the borax period, 
differs from that of the fore period only to a slight extent, 
and this difference is due apparently to a diminished assimi- 
lation of the proteid food. The change in the nitrogen 
balance of the borax period is plainly caused by a slight 
increase in the amount of faecal nitrogen, and not to in- 
creased metabolism, thus indicating that the borax has a 
tendency to diminish somewhat the absorption of proteid 
food, or possibly leads to an increased secretion of mucus. 
When, however, the nitrogen of the faeces of the borax period 
is compared with both that of the fore and after periods the 
increase is seen to be so slight that it is perhaps unwise to 
attach much importance to it. Certainly the borax, though 
given in doses sufficiently large to keep the animal on the 
verge of nausea, did not in this experiment interfere greatly 
with the digestion of any of the food-stuffs, since the faeces 
of the borax period are not much greater in amount than 
those of the after period, though somewhat larger than those 
of the fore period. 

The weight of the animal during the twenty-seven days' 
period showed a tendency to rise somewhat, t. «., from 10.9 
kilos to 11.5 kilos. This, however, is not to be attributed to 
a laying-on of fat nor to a retention of nitrogenous matter by 
the body, but is the result simply of a diminished excretion of 
water due to the presence of the borax. The results in this 
connection are in direct opposition to those obtained by 
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Gruber with single doses of borax. There is here no sug- 
gestion whatever of an increased excretion of water, but, on 
the contrary, a very marked decrease. Thus, by reference to 
the accompanying tables, it wiR be observed that during the 
fore period the total volume of urine excreted amounted to 
6629 c.c. and the body-weight remained practically constant, 
f. e., 10.9-11.0 kilos. During the borax period, however, the 
volume of urine excreted fell to 4981 c.c. and the body-weight 
gradually rose to 11.3 kilos, while in the after period the 
volume of urine rose to 6427 c.c. with a constant body-weight 
of 11.6 kilos. It is thus quite clear that borax may decidedly 
check the output of water through the kidneys, and lead, as 
in this case, to its retention within the body. 

Very noticeable also, in this experiment, is the sudden 
change in the specific gravity of the urine, as also in the re- 
action of the fluid, when borax is given. Thus, in the fore 
period the specific gravity of the urine stood at 1017-1018, 
but at the opening of the borax period it rose at once to 
1022-1027, dropping back, however, as the borax was dis- 
continued. Similarly, the reaction of the normal urine was 
acid to htmus, but on exhibition of borax, the reaction quickly 
changed to alkaline. The marked rise in the specific gravity 
of the urine during the borax period is not due solely to 
diminished elimination of water nor to increase in the pro- 
portion of metabolic products, but mainly to the borax itself, 
which is rapidly eliminated through the urine. We have not 
made any special trial to ascertain how soon the borax appears 
in the urine after its administration, but we have observed 
that the urine collected on the first day of the borax period 
gives, after acidulation with hydrochloric acid, a strong re- 
action with turmeric paper for boric acid. Further, that the 
elimination of borax through the urine is very rapid is mani- 
fest from the fact that, at the end of the borax period, the 
animal having received 45 grams of the salt, no trace of a 
reaction could be obtained with turmeric paper on the second 
day of the after period. In other words, elimination of the 
borax was practically complete twenty-four to thirty-six hours 
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after the last dose had been taken. These observations accord 
with Johnson's statements * that borax and boric acid begin 
to be eliminated through the urine a short time after their 
administration. 

While it is clear from a study of the nitrogen excretion that 
proteid metabolism, under the conditions of this experiment, 
is not materially affected by borax, the other analytical results 
must not be overiooked. Thus, in the borax period the 
excretion of phosphorus, sulphur, total sulphuric acid, and 
combined sulphuric acid is slightly below that of the fore and 
after periods. The differences, however, are so smaU that it 
is perhaps unwise to draw any positive conclusions from them, 
other than to admit their negative character. It can certainly 
be asserted with perfect safety that the borax has failed to 
exert any marked influence upon the excretion of either sul- 
phur or phosphorus. In this connection it will be remembered 
that Forster f found, on feeding boric acid to man, a marked 
increase in the output of phosphoric acid. Borax, however, 
certainly fails to produce any such result, its presence in the 
body (of the dog) tending on the other hand to reduce the 
output of phosphorus. Further, it is evident that the slight 
diminution in the excretion of combined sulphuric acid is not 
sufl&cient to indicate any inhibitory influence upon intestinal 
putrefaction. Lastly, the figures obtained in connection with 
uric acid are such as to indicate a purely negative action. 

Seoond Eacperiment. "Witli Borio Acid. — The animal ex- 
perimented on was a short-haired mongrel bitch weighing 8 
kilos. Nitrogenous equilibrium was quickly established on a 
daily diet composed of 160 grams of the prepared meat, 40 
grams of cracker dust, 30 grams of lard, and 400 c.c. of water. 
This diet contained 6.144 grams of nitrogen and was practically 
adhered to throughout the experiment. The latter was of 
thirty days' duration, t. e., three periods of 10 days each. 

* Johnson, Ueber die AuBscheidnng yon Boreanre nnd Borax auB dem 
mengchlichen Organismus. Jahresbericht f. Thierchemie, 1886, p. 235. See 
also, Vigier, Note prdliminaire sur Taction phjsiologique du borate de sonde. 
Comptes rendus Soc. de Biol. Paris, 1883, p. 44. 

t Forster, Archiv f. Hygiene, 1884, Band 2, p. 75. 
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During the middle, or boric acid period, 1-2 grams of boric 
acid were given daily mixed with the food, the animal taking 
it without the slightest reluctance and without any apparent 
effect upon the appetite. No sign of nausea or vomiting was 
seen. With 2 grams of boric acid per day the mixture of food 
and drink contained 0.81 per cent, while the dry food con- 
tained 0.86 per cent of boric acid. The total amount of boric 
acid given during the ten days was 14.5 grams. 

During the fore period of ten days the animal received a 
total of 61.440 grams of nitrogen. The nitrogen excreted 
through the urine for this period amounted to 68.119 grams, 
while the faeces contained 3.203 grams, thus making a total 
of 61.822 grams of nitrogen excreted, with a nitrogen balance 
of +0.118 gram. Plainly, the animal was in a condition of 
nitrogenous equilibrium. 

The relative excretion of nitrogen for the three periods may 
be seen in the following table : 

Fore Period. Borio Add Period. After Fwlod. 

Nitrogen of Food . . . 61.440 62.032 61.943 

Nitrogen of Urine . . . ^8.1 19 ) ^^-^168 538 ^'^^^ifiaMR 

Nitrogen of Faces. . . 8iJ03 J^^ 3.938 T^'^ 3.944 T^'^^ 

Nitrogen Balance . . +0.118 1.606 -O.980 

Ratio of Urine Nitrogen 

to Food Nitrogen . . 94.6 per cent 96.7 per cent. 96.2 per cent. 

From these figures it would appear that there is a slight 
tendency toward stimulation of proteid metabolism. When it 
is remembered, however, that the nitrogen balance for the boric 
acid period, —1.506, is the result of ten days' consecutive 
feeding with boric acid, it is manifest that the stimulating 
action is very slight, and our results may perhaps be considered 
as practically in accord with those reported by Forster, who 
found that in man on a mixed diet, boric acid in moderate 
doses (1-3 grams) was without influence on proteid decompo- 
sition as measured by the excretion of urea. Upon the assimi- 
lation of the proteid food there is no evidence of any action, 
i. «., the nitrogen content of the faeces duiing the boric acid 
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period is essentially the same as that of the fore and after 
periods. Further, the total weight of faeces for each of the 
three periods is so nearly the same, it is quite evident that 
assimilation has not been materially interfered with. In this 
respect our results fail to agree with those reported by Forster, 
who found that small doses of boric acid (1 gram in two days) 
given to a man on a mixed diet, and on a milk and egg diet, 
increased the excretion of faeces ; this increase being due, ac- 
cording to Forster, not to any decrease in the assimilation of 
fat nor to increase in the volume of the secretions, but to a 
decreased assimilation of the proteid food under the influence 
of the boric acid. This difference in our results may of course 
depend upon the difference in the character of the animal 
species. In our experiment, the weight of the animal remained 
perfectly constant throughout the entire period of thirty days. 
The accompanying tables contain the various data obtained. 

Unlike borax, boric acid fails to produce any change in the 
volume of the urine. Thus, in the fore period of ten days the 
total volume excreted amounted to 4647 c.c, while in the boric 
acid period of the same length the total volume was 4665 cc, 
and in the after period 4644 c.c. Further, there is no marked 
difference, to be measured by litmus paper, in the reaction of 
the fluid, although, as the tables show, alkaline reaction is 
more conunon in the normal periods than in the boric acid 
period. In the latter period, however, the specific gravity of 
the urine, as might be expected, shows a higher average than 
in the two normal periods. This is due, as in the case of 
borax, to the rapid elimination of the boric acid through the 
urine. The latter shows the presence of the acid by the 
turmeric test on the first day of the boric acid period, while 
on the second day of the after period all trace of a reaction 
disappears, thus showing that the acid is rapidly eliminated 
from the body and is practically completely removed twenty- 
four to thirty-six hours after the last dose. 

Upon the elimination of uric acid, boric acid appears to have 
a slight inhibitory effect, at least under the conditions of this 
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experiment, but upon the excretion of total and combined 
sulphuric acid, chlorine, and phosphoric acid, no tangible 
effect IS produced. Certainly, the results in connection with 
combined sulphuric acid do not indicate any retarding effect 
upon the putrefactive processes of the intestine. In this 
connection it will be remembered that in Forster's experiments 
on man doses of boric acid, corresponding to those used by us, 
apparently gave rise to a marked retardation in the amount of 
ethereal sulphate excreted. As a result, Forster arrived at 
the conclusion that boric acid materially reduces intestinal 
putrefaction. Our results, however, show no action of this 
kind in the dog, and we are inclined to the view that both 
borax and boric acid are too rapidly eliminated from the 
system to be veiy effective in the intestine. As already 
stated, the elimination of borax and boric acid through the 
urine commences almost immediately after their ingestion, 
and it is very questionable, therefore, whether, with moderate 
doses of these substances, enough would remain unabsorbed 
at the lower end of the smaU intestine to exert much influence 
upon the growth and development of micro-organisms. Cer- 
tainly, the faeces do not ordinarily contain any appreciable 
amount of borax or boric acid after these substances have 
been administered in moderate quantities, although obviously 
the length of time the faeces are forming will have some 
influence upon their content of soluble matter. In only one 
instance, to be detailed later, where a very large dose of borax 
was given, could any decided reaction for boric acid be 
obtained in the faeces. Johnson* states that in the case of 
the human organism borax and boric acid show great 
irregularity in their appearance in the faeces, and that he was 
able to detect them in the latter only in six cases out of 
fourteen, although daily doses of 0.9-3.0 grams of boric acid 
were given. 

Lastly, it is to be noted that in our experiment with boric 
acid there is no such increase in the excretion of phosphoric 

* Johnson, Ueber die AuBBcheidung von Boreaure und Borax aus dem 
menschlichen Organismus. Jahresbericht f. Thierchemie, 1886, p. 23& 
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acid through the urine as was observed by Forster; our 
results, indeed, fail to show any distinct influence exerted by 
boric acid upon the metabolism of phosphorized matter. 

Third Ezperiment. l^lth Borax and Boric Acid. — This 
experiment was divided into seven periods of eight days each, 
thus making a total of fifty-six consecutive days during which 
the variations in the composition of the urine and f sdces were 
followed as before, under the influence of both borax and 
boric acid. The object in extending the experiment through 
this lengthy period was to ascertain whether prolonged 
treatment with b6rax and boric acid might not eventuaflly 
result in such a disturbance of physiological equilibrium that 
more positive data would be obtained. WiUi this end in 
view, a mongrel bitch of ten kilos body-weight was brought 
into nitrogenous equilibrium, after which the urine and faeces 
were analyzed for eight consecutive days, L ^., the fore period. 
Borax was then given with the food for eight days, making 
the first borax period. This was followed by another period 
of eight days during which neither borax nor boric acid were 
administered, after which came a third period of eight days 
when boric acid was fed. This, in ,tum, was succeeded by a 
normal period of equal length, followed by eight days of borax 
treatment — the second borax period — concluding with a final 
after period of eight days, i. «., a total of fifty-six days. By 
thus keeping the same animal under continuous observation 
for this length of time it might reasonably be expected that 
any cumulative action — assuming it to exist — would be 
clearly manifest. Further, considerably larger daily doses of 
borax and boric acid were administered than in the preceding 
experiments. 

The daily diet made use of throughout the entire experiment 
consisted of 160 grams of the prepared meat, 40 grams of 
cracker dust, 30 grams of lard, and 430 c.c. of water. Its 
exact content of nitrogen is shown in the table of the fore 
period. The total amount of nitrogen ingested during the 
fore period was 62.163 grams. The amount excreted during 
the same period was 61.734 grams, thus showing a nitrogen 
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balance for the eight normal days of + 0.429 grams. The dog 
used in this experiment, although short-haired, lost considerable 
hair daily. This was therefore collected and at the end of 
each period its content of nitrogen was determined and the 
amount added to the nitrogen of the uripe and faeces, as seen 
in the accompanying tables. It is interesting to note in this 
connection that the loss of hair in periods of eight days' 
duration may be considerable; so large, indeed, that an 
i^preciable loss of nitrogen may result. Thus, in the seven 
periods of this experiment the total amount of hair shed was 
61.98 grams, f. «., 8-10 grams for each period, the total 
nitrogen thrown off in this manner amounting to 7.856 grams. 
These figures show that the hair shed contained 12.6 per cent 
of nitrogen. Obviously, in careful experiments, this source of 
loss cannot be overlooked. 

In the first borax period of eight days, the daily dose of 
borax ranged from 2 to 5 grams, the total amount administered 
being- 32.5 grams. In the following boric acid period the daily 
dose ranged from 1 to 8 grams, a total of 17 grams of boric 
acid being given. On commencing the second borax period 
the daily dose of borax was placed at 10 grams. This was 
continued for two days, but on the third day after taking the 
morning dose of 5 grams the animal's appetite began to fail so 
that it became necessary to coax her considerably in order to 
have the day's ration consumed. On this day, therefore, only 
6 grams were given, but on the following day the appetite 
was nearly normal and 6 grams of borax were given. The 
dose was then raised to 10 and 8 grams daily, as shown in the 
tables, a total of 64 grams of borax being given in this period 
of eight days. Throughout the entire experiment of fifty-six 
days the animal remained perfectly well, kept a fairly constant 
body-weight, and showed no symptoms of nausea or vomiting 
during the administration of either borax or boric acid. The 
only noticeable effect was a seeming loss of appetite on one 
day, as mentioned above. At the termination of the final after 
period, a single dose of 5 grams of boric acid was given. 
This resulted in vomiting 4-5 hours afterward. 
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The relative excretion of nitrogen for the seven periods is 
shown in the following table : 



Nitrogen of Food . 
Nitrogen of Urine . 
Nitrogen of Faeces . 
Nitrogen of Hair 

Nitrogen Balance 
Ratio of Urine and Hair 

Nitrogen to Food Nitro- 



I. 

7on Poriod* 

62.163 

49.098 ) 

1.417 [ 61.734 

1.224 ) 

+0.429 



II. 
First Borax Period. 
60.886 
48.324 ) 
2.176 > 61.686 



1.186) 



-0.801 



m. 

FIrrt After Period. 
60.996 



47.430; 
1.846 
1.069 J 



60.834 



+0.661 



gen 96.4 per cent. 97.2 per cent. 96.0 per cent 



Nitrogen of Food . 

Nitrogen of Urine . 

Nitrogen of Fa^es . 

Nitrogen of Hair . 
Nitrogen Balance 

Ratio of Urine and Hair Ni- 
trogen to Food Nitrogen 



IV. 
Boric Acid Period. 
61.200 
46.989 \ 
1.822 [ 49.026 

1.266 ) 

+2.174 



Second After Period. 
61.262 
46.438 ^ 
1.466 > 49.130 

1.227 ) 

+2.122 



92.2 per cent. 93.0 per cent. 



Nitrogen of Food . . . 
Nitrogen of Urine . . . 
Nitrogen of Faeces . . . 
Nitrogen of Hair . . . 


VI. 
Second Borax Period. 
61.164 
. 62.363 ^ 
. 2.737 [ 66.032 
. 0.932 ) 


vn. 

Third After Period. 
61.169 
48.778 \ 
2.089 [61.830 
0.963) 


Nitrogen Balance . . 
Ratio of Urine and Hair Ni- 
trogen to Food Nitrogen 


-4.878 
. 104.1 per cent 


-0.661 
97.2 per cent 



In the first borax period of eight days, with a total con- 
sumption of 82.6 grams of borax, i. e., an average of 4 grams 
per day, there is practically no change in the rate of proteid 
metabolism. There is, however, a slight rise in the amount 
of faecal nitrogen similar to that noticed in the first experi- 
ment with borax, by which the nitrogen balance is somewhat 
changed, but there is plainly no effect produced on proteid 
metabolism. In the second borax period, on the other hand, 
there is evidence for the first time of a distinct and unques- 
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tionable inflnence upon proteid metabolism. In this period of 
eight days 64 grams of borax were administered, and under 
its influence the excretion of nitrogen through the urine was 
greatly increased. As in the other experiments, the propor- 
tion of nitrogen in the f SBces was likewise increased, implying 
decreased assimilation of proteid food, but the nitrogen balance 
of — 4.878 is mainly due to direct stimulation of proteid 
metabolism. When, however, it is considered that to accom- 
plish this result a daily dose of 8 grams of borax was required, 
and for eight consecutive days, with a dog weighing only 
10 kilos, it is very plain that proteid metabolism is not readily 
affected by borax. 

In the boric acid period of eight days, with a total dosage 
of 17 grams of the acid, there is some evidence of diminished 
proteid metabolism. The excretion of nitrogen through the 
urine is certainly diminished ; there appears to be a sparing of 
proteid, but it is to be noticed that, in the period following, 
the nitrogen balance remains unaltered, which fact casts some 
doubt upon the assumption that the result is due solely to 
the acid. It is of course possible that the action of the boric 
acid may be continued into the after period, but this we 
should hardly expect in view of the rapid elimination of 
boric acid from the system. Further, after the second borax 
period, where the nitrogen balance is so noticeably distui'bed, 
there is a quick return to the normal, the nitrogen balance for 
the final period dropping back to — 0.661. Consequently, 
while the analytical data show a retention of nitrogen dur- 
ing the boric acid period, thus indicating diminished proteid 
metabolism, we feel some hesitation in attributing the result 
wholly to the boric acid, particularly as the earlier experiment 
with boric acid gave essentially negative results. 

Especially noticeable in this experiment, as in the earlier 
experiment with borax, is the action of the latter agent in 
reducing the volume of the urine. (See table showing general 
summary.) In both borax periods the total volume of urine 
excreted is distinctly reduced, and the same holds true in this 
experiment with the boric acid. It is quite probable that the 
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somewhat larger daily dose of boric acid made use of in the 
present experiment is responsible for this result, although it 
is possible of course that the personality of the animal may 
have had some influence. In the previous experiment with 
boric acid, where the maximum daily dose was 2 grams, the 
voliune of the urine was unaltered. In view of these facts it 
is perhaps proper to consider the larger dosage of boric acid 
used in the present experiment as responsible for the apparent 
action upon proteid metabolism likewise. 

Also noticeable in this experiment is the influence of the 
larger doses of borax upon the excretion of total and com- 
bined sulphuric acid. Both of these are distinctly increased 
in amount during the last borax period, in harmony with the 
increase in proteid metabolism, and there is a suggestion of 
the same influence in the first borax period. Moreover, in 
the last borax period the excretion of phosphoric acid is 
noticeably increased, while the elimination of uric acid is 
slightly diminished. It is thus plainly evident, as already 
stated, that while moderate doses of borax, even long-con- 
tinued, are without influence upon the nutritional processes 
of the body, large doses may distinctly increase the rate of 
proteid metabolism, giving rise not only to an increased 
excretion of nitrogen, but also of sulphuric acid and phos- 
phoric acid. 

In all of these experiments with borax there is constant 
evidence of an increase in the weight of the faeces during the 
borax periods. This increase in weight is due in part to an 
increased output of nitrogenous matter through this channel, 
but whether the latter is caused by diminished digestion and 
absorption of the proteid food or to a stimulation of the 
mucous or other secretions from the gastro-intestinal tract 
is not so clear. It has been plainly shown, however, in 
another connection * that while borax in moderate quantities 
has no inhibitory action whatever on either gastric or pan- 
creatic digestion of proteids, larger proportions do retard the 

* Chittenden : Influence of Borax and Boric Acid on Digestion. Dietetic 
and Hygienic Gazette, 18d3, toI. 9, p. 25. 
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proteolytic action of both digestive fluids. Further, retarda- 
tion of proteolysis with borax is much more pronounced than 
with boric acid; hence it seems quite probable that the 
increased bulk of faeces and the higher content of nitrogen 
therein during the borax periods is due mainly to slight 
retardation in the assimilation of proteid food. 

Large amounts of borax likewise interfere with the assimi- 
lation of fatty foods ; a statement which does not appear to 
be true of boric acid. In the accompanying table (page 38) 
are given the results of our analyses of the dry f seces, from 
a study of which it is plain that under the influence of large 
doses of borax — first and second borax periods of experiment 
third — both the total and percentage amounts of ether-soluble 
matter in the faeces are greatly increased. Boric acid, on the 
other hand, produces no such effect. In the first experiment, 
with borax, the evidence of decreased fat absorption is less 
pronounced, although both the dosage of borax and the 
amount of fat fed were greater than in the first borax period 
of experiment third. Quite possibly this apparent difference 
in action may be due to the personality of the animal. How- 
ever this may be, it is plain that large doses of borax are 
prone to increase somewhat the bulk of the faeces, in part 
by diminishing slightly the assimilation of both proteid and 
fatty food, and in part, we think, through a tendency to 
increase the secretion of mucus. Thus, we observed in the 
last experiment, during the period when the largest doses of 
borax were given, that the faeces were more slimy than in the 
normal periods, and appeared to contain more mucus than 
ordinarily. Further, it is to be noted that under the influence 
of large doses of borax there is a tendency toward diarrhoea ; 
not very marked to be sure, but sufficient to render the 
discharge of f«ces somewhat watery. 

In spite of these evidences of minor action in the intestinal 
tract with large doses of borax, there is no evidence whatever 
of any influence exerted upon intestinal putrefaction, either by 
borax or boric acid. Even with the largest doses of borax the 
combined sulphuric acid of the urine is raised rather than 
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TABLE SHOWING CONTENT OF FAT AND OTHER ETHER- 
SOLUBLE MATTER IN THE F^CES. 



ExPERiHBirr L 


Experiment IIL 




1897 DrrwAijrht ^ — s. ' 


grm. per cent. gnu. 
Dec. 2 88.15 86.03 ia862 Fore 


gnn. per cent. gnn. 

Apr. 25 14.88 28.91 4.184 
28 10.86 29.09 8.029 


7 86.01 88.60 12.067 
11 24.68 26.28 6.227 


24.60 29.01 7.168 Normal 


60.59 80.02 18.294 Borax 


29 2.96 29.09 0.840 

May 8 20.10 86.85 7.306 

6 20.60 87.06 7.671 


16 88.25 86.51 12.140 
20 26.45 24.86 6.198 


48.75 86.15 16.817 Borax 


58.70 81.24 18.388 After 


11 19.65 86.18 7.001 
18 11.90 28.50 2.707 
14 8.21 25.80 2.117 


EXFBRIMSNT IL 


Date. Ftecee. ^^'^^^ Period. 


89.66 80.27 12.005 After 

15 2.78 25.80 0.706 
18 9.00 88.10 8.286 
20 9.68 25.76 2.490 
22 11.86 24.18 2.868 


iftiu. percent, gm. 

Feb. 26 6.96 28.70 1.649 

Mar. 2 11.90 17.88 2.128 

8 10.60 16.95 1.770 

6 17.80 20.82 8.602 


84.17 27.86 9.848 ^^j^^^.^ 


46.66 19.61 0.149 Fore 


28 8.05 24.18 0.963 
26 0.76 24.20 2.372 
80 15.04 20.54 4.448 


8 10.20 18.87 1.924 
10 0.75 17.67 1.723 
12 16.30 20.81 8.8U 

14 11.60 20.60 2.890 

15 5.45 20.54 1.119 


28.75 27.02 7.768 After 


Jane 2 10.10 45.01 8.606 
5 19.40 39.06 7.670 
7 17.56 83.04 5.040 


58.20 10.67 10.467®^^?^ 


16 5.45 20.54 1.119 

17 7.71 26.68 2.063 
10 8.82 20.28 1.789 
21 12.25 20.72 2.688 
28 10.47 20.01 2.095 
25 10.90 10.81 2.105 


66.05 89.46 22.115 Borax 


12 22.80 80.27 8.054 
16 20.06 29.99 6.028 


55.60 21.04 11.609 After 


42.86 84.96 14.082 After 
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lowered, and careful examination of the urine daily with Jaffe's 
indoxyl test failed to reveal any indications pointing to an 
inhibitory influence exerted by either borax or boric acid upon 
the production of indican. If, however, one studies carefully 
the output of combined sulphuric acid as shown in the various 
tables it will be noticed that the highest figures are generally 
obtained on the day (or the day preceding that) on which the 
dog defecates; while after defecation the combined sulphuric 
acid of the urine falls at once. In other words, the natural 
obstruction of the intestine favors, as is weU known, the ab- 
sorption of putrefactive products, and thus leads to an increase 
of combined sulphuric acid in the urine. When, on the other 
hand, defecation occurs, the combined sulphuric acid of the 
urine is at once diminished in amount. Upon these natural 
fluctuations of combined sulphuric acid even the largest doses of 
borax and boric acid are without effect, not because these agents 
are without influence upon micro-organisms, but because they 
are too rapidly and completely absorbed from the intestine to 
exert much influence upon intestinal putrefaction. In only one 
instance were we able to detect any boric acid in the faeces, viz., 
on June 5th, at a time when the largest doses of borax were 
being given ; and at the close of this period the boric acid reac- 
tion could be obtained with the urine only on the first day of the 
after period, so rapidly was the borax passed out of the body. 

Lastly, attention may be called to the constant presence, in 
appreciable amounts, of uric acid in the urine of all the animals 
experimented with, in opposition to the older statements of 
Liebig * and others that kynurenic acid may entirely replace 
uric acid in the urine of the dog. Our results, so far as they 
extend, are thus wholly in accord with the recent observations 
of Solomin-t We have, however, made no attempt to deter- 
mine the amounts of kynurenic acid present. 

General Conclusions. — Moderate doses of borax up to 5 
grams per day, even when continued for some time, are with- 

* Liebig, Annalen d. Chem. q. Pharm., Band 86, p. 125. 
t Solomin, Znr Kenntniss der Kjnurens&ure. Zeitschr. f. phjsiol. Chem., 
1S97, Band 28, p. 497. 
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out influence upon proteid metabolism. Neither do they exert 
any specific influence upon the general nutritional changes of 
the body. Under no circiunstances, so far as we have been 
able to ascertain, does borax tend to increase body-weight or 
to protect the proteid matter of the tissues. 

Large doses of borax, 5-10 grams daily, have a direct stim- 
ulating effect upon proteid metabolism, as claimed by Gruber; 
such doses, especially if continued, lead to an increased excre- 
tion of nitrogen through the urine, also of sulphuric acid and 
phosphoric acid. 

Boric acid, on the other hand, in doses up to 8 grams per 
day, is practically without influence upon proteid metabolism 
and upon the general nutrition of the body. 

Borax, when taken in large doses, tends to retard somewhat 
the assimilation of proteid and fatty foods, increasing notice- 
ably the weight of the faeces and their content of nitrogen and 
fat. With very large doses there is a tendency toward 
diarrhoea and an increased excretion of mucus. Boric acid, on 
the contrary, in doses up to 3 grams per day, is wholly with- 
out influence in these dii*ections. 

Borax causes a decrease in the volume of the urine, changes 
the reaction of the fluid to alkaline, and raises the specific 
gravity, owing to the rapid elimination of the borax through 
this channel. Under no circumstances have we observed any 
diuretic jtction with either borax or boric acid. The latter 
agent has little effect on the volimie of the urine. 

Both borax and boric acid are quickly eliminated from the 
body through the urine, twenty-four to thirty-six hours being 
generally sufficient for their complete removal. Rarely are 
they found in the faeces. 

Neither borax nor boric acid have any influence upon the 
putrefactive processes of the intestine as measured by the 
amount of combined sulphuric acid in the urine, or by Jaffe's 
indoxyl test. Exceedingly large doses of borax are inactive 
in this direction, not because the salt is without action 
upon micro-organisms, but because of its rapid absorption from 
the intestinal tract. 
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Borax and boric acid, when given in quantities equal to 
1.5-2.0 per cent of the daily food are liable to produce nausea 
and vomiting. 

Owing to the rapid elimination of both borax and boric acid, 
no marked cumulative action can result from their daily in- 
gestion in moderate quantities. 

At no time in these experiments was there any indication of 
abnormality in the urine; albumin and sugar were never 
present. 



Digitized by VjOOQIC 



THE MUCIN OF WHITE FIBROUS CONNECTIVE 

TISSUE.* 

By R. H. CHITTENDEN and WILLIAM J. GIES. 

All of the bodies belonging to the group of mucins and 
mucoids are possessed of considerable physiological interest, 
owing especially to their peculiar compound nature and the 
illustration which they afford of a possible intimate union 
between the proteid group and carbohydrate radicles. That 
there are a niunber, possibly a large number, of closely related 
bodies belonging to the mucins and mucoids there can be no 
question. Thanks to the labors of Hammarstenf and his 
pupils, many of these bodies have been subjected to careful 
and thorough investigation, and much light has been thrown 
upon their relationships and differences. There is still, 
however, much to be ascertained regarding these bodies, and 
any additional facts broadening or substantiating our present 
knowledge are to be welcomed as contributing toward a more 
complete understanding of their genetic relationships. The 
union of carbohydrate groups with proteid molecules is 
probably more common than has hitherto been supposed, as 
witness the peculiar gluco-nucleoproteid recently described by 
HammarstenJ as a constituent of the pancreas and other 
glands, and the identification by Kossel§ of a peculiar 
carbohydrate group as a cleavage product of certain forms of 
nucleic acid. Presumably in these compound proteids of the 
mucin type the character of the proteid radicle as well as of 

• Reprinted from the Jonmal of Experimental Medicine, vol, i. 
t Pfliiger's Archiv f. Physiol., Band xzxtI ; Zeitechr. f. physiol. Chem., 
Band x and xii. 

t Zeitschr. f. physiol. Chem., Band xix. 

§ Dn Boia-Keymond'a Archly f . Physiol., Physiol. Abtheil., 1891. 
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the carbohydrate radicle is subject to variation, and it is easy 
to conceive of differences in the nature and properties of the 
mucins dependent upon variations in the amount and character 
of both the carbohydrate and proteid groups. The ready 
formation of acid-albumin, or syntonin, albumoses, and peptone 
when mucins are decomposed by the action of superheated 
water or boiling dilute acids, affords ample evidence of the 
presence of true proteid radicles in the bodies of this class, 
although we do not know definitely the exact nature of the 
proteid groups present in the original molecule. On the other 
hand, the simultaneous formation of reducing bodies whenever 
mucins are broken down by the action of dilute acids, and the 
separation of a dextrin-like body (the animal gum of Land- 
wehr*) by cleavage with superheated water, clearly indicate 
the existence of some form of carbohydrate matter in the 
mucin molecule. 

Of the true mucins present in the tissues of the higher 
animals, the mucin of the submaxillary gland and the corre- 
sponding body present in or between the fibres of ordinary 
connective tissue are the most important from a physiological 
standpoint. The former is a product of the metabolic cwitivity 
of secretory cells which are among the most active of the 
secreting cells of the body, while the latter is a product of a 
tissue whose activity is certainly of a low order. That these 
two mucins, though closely related, are unlike, is clearly 
indicated by their divergence in chemical composition as well 
as by their general reactions and properties. 

Loebisch,t whose careful study of the mucin from tendons 
constitutes the chief source of our knowledge regarding the 
chemical composition of this body, ascribes to tendon-mucin 
the formula CieoHsMNssSiOgo^ with a molecular weight of 8,936. 
Such a formula calls for the presence of 0.81 per cent of 
sulphur, and this amount was found by Loebisch in the three 
preparations of mucin from ox tendons analyzed by him. In 

• Zeitschr. f . physiol. Chem., Band viii and ix. Also Pfluger's Archiy f. 
Physiol., Band xxxix and xl. 

t Zeitschr. f. phjslol. Chem., Band x, p. 40. 
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a recent examination of mucin prepared from this same source 
we have obtained quite different results as regards the content 
of sulphur, and this fact has led us to make a careful study of 
the composition of this form of connective-tissue mucin. Our 
results in the main have afforded a close substantiation of the 
conclusions arrived at by Loebisch, with the single exception 
of the sulphur for which we can find no adequate explanation. 
Further, some additional facts have been found which are 
perhaps worthy of note. 

The first sample of mucin studied was prepared from the 
Achilles tendons of oxen by the following method, analogous 
to the method described by Loebisch: The fresh tendons 
were freed as carefully as possible from aU adherent tissues, 
then cut into very thin traverse sections with a razor, washed 
thoroughly with distilled water, frequently renewed for 
twenty-four hours, in order to remove all blood and soluble 
albuminous matter, and finally pressed as diy as possible. 
The resultant material weighed 1200 grams. In order to 
extract the mucin, the tissue was placed in 2.4 liters of half- 
saturated lime-water, where it was allowed to remain for 
forty-eight hours with frequent agitation. At the end of this 
period the pale-yellowish fluid was strained through a cloth 
filter and finally filtered through paper. The clear fluid was 
then treated with an excess of 0.2 per cent hydrochloric acid 
— a little more than a liter — by which a heavy flocculent 
precipitate resulted, quickly settling to the bottom of the 
cylinder, leaving a nearly clear supernatant fluid. 

The residue of tendon-tissue was again extracted for 
forty-eight hours with 2.4 liters of half-saturated lime-water, 
and the resultant solution precipitated with an excess of 
0.2 per cent hydrochloric acid. The precipitate so formed 
was nearly as heavy as the first, thus showing that extraction 
of the mucin by weak lime-water is a slow and gradual process. 

The precipitated mucin, separated from the acid fluid by 
subsidence and decantation of the supernatant liquid, was 
washed thoroughly with 0.2 per cent hydrochloric acid, whip- 
ping up the precipitate with the fluid and then allowing it to 
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subside, this operation being repeated witih fresh quantities of 
acid until the latter foiled to give any proteid reaction. In 
this manner it was hoped to remove all adherent albuminous 
matter extracted from the tissue by the lime-water. The two 
portions of mucin were then united and washed by decantation 
with distilled water until the acid was entirely removed. As 
the fluid became less and less acid, more time was required for 
the precipitate to settle, as the latter tended to swell in the wa- 
ter and was more inclined to float on the surface of the fluid. 

The mucin was next dissolved in halfnsaturated lime-water, 
of which a large volume was required, the solution filtered 
through paper, and the mucin reprecipitated by the addition 
of an excess of 0.2 per cent hydrochloric acid, a small quantity 
of stronger hydrochloric acid being likewise added to induce a 
good flocculent separation of the substance. The precipitate 
was again washed by decantation with 0.2 per cent hydrochloric 
acid, and lastly with water, until the acid was entirely removed. 
Whenever it was necessary for the precipitate to stand for 
some time with water, the mixture was kept as cool as possible, 
and a little alcoholic solution of thymol added to guard against 
putrefactive changes. When the acid was wholly removed 
from the precipitate the water was replaced by weak alcohol, 
and finally by 95 per cent alcohol, repeatedly renewed, 
until the substance was thoroughly dehydrated, after which 
the precipitate was collected on a filter and allowed to drain. 
It was then boiled with alcohol-ether (a mixture of equal 
parts absolute alcohol and ether) in a suitable flask connected 
with an inverted Liebig's condenser for many days — t. e., with 
renewed quantities of alcohol-ether until the latter gave no 
residue on evaporation. As Loebisch has shown, this is quite 
an important part of the process of purification, since a certain 
amount of foreign extractive matter adheres tenaciously to 
the mucin, and can be removed only by long-continued extiuc- 
tion with the above mixture. When this process was completed 
the mucin was thrown upon a filter, washed thoroughly with 
ether, and finally dried over sulphuric acid. When quite dry 
it presented the appearance of a perfectly white powder, light 
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and fluffy. The yield amounted to twelve grams of the dry 
product, and, assuming that the entire amount of mucin had 
been extracted from the tendons, and disregarding the loss 
incidental to purification, this quantity would imply the 
presence in the fresh tendons of 1 per cent of mucin. 

The composition of the product, dried at 110° C. until of 
constant weight, was as follows : * 

Fbepa&atiom No. 1. 

I. 0.2670 gram of substance gave 0.4781 gram of CO2 = 48.84 per cent 

C, and 0.1585 gram of HgO = 6.60 per cent H. 
IL 0.2277 gram of substance gave 0.4082 gram of COj = 48,89 per cent 

C. and 0.1329 gram of H3O = 6.48 per cent H. 
m. 0.1975 gram of substance gave 0.3548 gram of CO2 = 48.99 per cent C. 
IV. 0.2363 gram of substance gave 0.1417 gram of HjO = 6.66 per cent H. 
v. 0.2426 gram of substance gave, by the Kjeldahl method, 0.02865 gram 

of nitrogen = 11.81 per cent N. 
VI. 0.2754 gram of substance gave, by the Kjeldahl method, 0.03246 gram 
of nitrogen = 11.79 per cent N. 
VIL 0.2784 gram of substance gave, by the absolute method, 27.63 c. c. of 

nitrogen at 13.8° C, and 764.7 mm. pressure = 11.96 per cent N. 
VIII. 0.3345 gram of substance gave, by the absolute method, 33.3 c. c. of 
nitrogen at 13.2^' C, and 754.5 mm. {Pressure = 11.84 per cent N. 
IX. 0.5373 gram of substance gave, by fusion with NaOH + KNO» 0.0943 
gram of BaSO^ = 2.41 per cent S ; after deducting sulphur of ash 
= 2.36 per cent S. 
X. 0.4969 gram of substance gave, by fusion with NaOH + KNOg, 0.0856 
gram of BaS04 = 2.37 percent S; after deducting sulphur of ash 
= 2.32 per cent S. 
XI. 0.2943 gram of substance gave 0.0023 gram of ash = 0.78 per cent ash. 
XII. Ash from 0.2943 gram of substance gave 0.00112 gram of BaSO^ = 0.06 
per cent S. 

Percentage Composition of the Ash-fbbb Sitbstakcb. 

Avenge. 

C 49.22 49.27 49.87 49.29 

H 6.65 6.54 ... 6.71 6.63 

N 11.90 11.88 12.05 11.98 11.94 

8 2.36 2.82 2.34 

O 29.80 

100.00 

* The nitrogen was determined by both the absolute and the Kjeldahl 
method, while carbon and hydrogen were determined by combustion in 
oxygen gas in an open tube, the products of combustion passing over a layer 
of cupric oxide, chromate of lead, and metallic copper. 
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The second preparation of mucin was made in a somewhat 
different manner. The fresh tendons, freed as far as possible 
from foreign tissue, were cut into thin transverse sections, 
washed with water somewhat, then soaked for thdrty-six hours 
in about four liters of 10 per cent salt solution, with vigorous 
agitation from time to time, after which the saline solution 
was decanted and the tissue washed with water until the 
chloride was entirely removed. The salt solution on dilution 
with water gave a distinct turbidity indicating the presence of 
a globulin. The application of heat likewise produced a 
precipitate, as did also the addition of dilute acetic and 
hydrochloric acids. It is tiius evident that the salt solution 
removes at the outset quite an appreciable amount of proteid 
matter, with perhaps some mucin. The moist tissue, pressed 
as dry as possible, weighed 1700 grams. It was then 
extracted with 8.4 liters of halfnsaturated lime-water for forty- 
eight hours, two such extractions being made. From tiiese 
extracts the mucin was precipitated by the addition of 
0.2 per cent hydrochloric acid, the second extract apparently 
yielding as heavy a precipitate as the first. The combined 
precipitates were washed repeatedly by decantation with 
0.2 per cent hydrochloric acid, lastly with water. The mucin 
was next dissolved in a littie 0.5 per cent sodium carbonate, 
the solution filtered, made nearly neutral by the addition of a 
littie 10 per cent hydrochloric acid, so as to avoid undue 
dilution, and then precipitated by 0.2 per cent hydrochloric 
acid. The precipitate was again washed thoroughly with 0.2 
per cent hydrochloric acid, and lastly with water, until the 
acid was entirely removed. It was then transferred to 95 
per cent alcohol, frequently renewed, and finally boiled with 
alcohol-ether as long as anytiiing could be extracted. Dried 
over stdphuric acid, the product came out quite white, but not 
so bulky as tiie preceding preparation, and weighed a littie 
over fifteen grams — an amount equal to about 0.9 per 
cent of the moist tissue. 

As already stated, mucin is not readily extracted from 
tendons by lime-water; at least four cubic centimeters of 
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halfnsaturated lime-water are required for every gram of 
tissue in order to insure a complete extraction. Thus, after 
the second extraction of the above 1700 grams of tissue* 
a third extraction was made, using again three liters of 
half-saturated lime-water. This solution, on treatment with 
hydrochloric acid, gave a precipitate weighing one to two 
grams when purified, but it was noticeable that more acid 
was required in order to effect a good flocculent separation of 
the mucin. Even with a fourth extraction of the tissue a 
littie mucin was obtained, showing as a decided turbidity 
when the alkaline fluid was made distinctiy acid, but it was 
not until four or five days' standing that a distinct precipitate 
settied out even on the addition of stronger hydrochloric acid. 
The amount so obtained, however, was very small. 

The composition of the main product obtained from the 
1700 grams of tissue when dried at 110° C, until of con- 
stant weight, was as follows : 

Fkbpabation I9o. 2. 

L 0.3194 gram of substance gaye 0.6660 gram of CO, = 48.32 per cent C, 

and 0.1816 gram of H,0 = 6.81 per cent H. 
n. 0.4197 gram of substance gave 0.7471 gram of 00^ = 48.64 per cent C, 

and 0.2446 gram of H20=6.47 per cent H. 
IIL 0.4051 gram of substance gave 0.7189 gram of COa = 48.89 per cent C, 

and 0.2363 gram of HsO = 6.46 percent H. 
IV. 0.2519 gram of substance gave, by the Kjeldahl method, 0.02966 gram 

of nitrogen = 11.77 per cent N. 
v. 0.2578 gram of substance gave, by the Kjeldahl method, 0.08026 gram 

of nitrogen = 11.74 per cent N. 
VL 0.2954 gram of substance gave, by the Kjeldahl method, 0.03446 gram 

of nitrogen = 11.67 per cent N. 
VIL 0.6610 gram of substance gave, by fusion with NaOH+KNO,, 0.1131 

gram of BaS04=2.36 per cent S; after deducting sulphur of ash = 

2.32 per cent S. 
VIIL 0.5248 gram of substance gave, by fusion witli NaOH+KNO,, 0.0936 

gram of BaS04 = 2.46 per cent S; after deducting sulphur of ash = 

2.42 per cent S. 
IX. 0.6724 gram of substance gave, by fusion with NaOH+KNOg, 0.1140 

gram of BaS04 = 2.33 per cent S ; after deducting sulphur of ash = 

2.30 per cent S. 
X. 0.3736 gram of substance gave 0.0026 gram of ash =0.67 per cent ash. 
XL Ash from 0.3736 gram of substance gave 0.00082 gram of BaSO^ =0.03 

per cent S. 
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Pbrcbntaob Composition or the Asb-fseb Substance. 

Average. 

C 48.64 48.87 48.72 48.74 

H 6.86 6.52 6.60 6.46 

N 11.86 11.82 11,74 11.80 

S 2.82 2.42 2.30 2.36 

O 80.65 

100.00 

A third specimen of mucin was prepared as follows : Fifteen 
hundred grams of ox tendons were finely divided, the tissue 
extracted for twenty-four hours with three liters of 10 per 
cent salt solution, and then with water until the salt was 
wholly removed. The tissue was next extracted for sixty 
hours with three liters of halfnsaturated lime-water. From this 
solution the mucin cotdd be only partially separated by the 
addition of 0.2 per cent hydrochloric acid, quite a quantity of 
10 per cent acid being required to effect a flocculent precipi- 
tation of the substance. This was purified by itself and not 
subjected to analysis. The tendons were again extracted with 
three liters of half-saturated lime-water for forty-eight hours, 
and from this solution the mucin was separated as a flocculent 
precipitate by the addition of 0.2 per cent hydrochloric acid. 
This precipitate was purified by washing with 0.2 per cent 
hydrochloric acid, solution in 0.6 per cent sodium carbonate, 
reprecipitation with 0.2 per cent hydrochloric acid, etc., as 
described under the last preparation. The yield of dry product 
from this second extraction of the tissue with lime-water 
amounted to 6.5 grams. Dried at 110° C. until of constant 
weight, this preparation gave the following results on analysis : 

Preparation No. 3. 

I. 0.3508 gram of substance gave 0.6292 gram of COg = 47.69 per cent C, 

and 0.2072 gram of HjO = 6.40 per cent H. 
IL 0.2989 gram of substance gave 0.6150 gram of 002=47.79 per cent C, 
and 0.1725 gram H20=6.52 per cent H. 
IIL 0.8154 gram of substance gave 0.5536 gram of CO, = 47.87 per 

cent C. 
rV. 0.1644 gram of substance gave 0.0944 gram of HgO = 6.38 per cent H. 
V. 0.1065 gram of substance gave, by the Kjeldahl method, 0.02255 gram 
of nitrogen = 11.47 per cent N. 

4 
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YL 0.2496 gram of substance gave, by the Kjeldahl method, 0.02825 gram 

of nitrogen = 11.82 per cent N. 
VIL 0.2574 gram of substance gave, by the Kjeldahl method, 0.02990 gram 
of nitrogen = 11.38 per cent N. 
VIIL 0.6046 gram of substance gave, by fusion with NaOH + KNO», 0.1046 
gram of BaS04 = 2.38 per cent S; after deducting sulphur of ash = 
2.31 per cent & 
IX. 0.5408 gram of substance gave, by fusion with NaOH+KNO,, 0.0931 
gram of BaS04 = 2.37 per cent S; after deducting sulphur of ash=: 
2.30 per cent S. 
X. 0.3128 gram of substance gave 0.0031 gram of ash =0.99 per cent ash. 
XI. Ash from 0.3128 gram of substance gave 0.00152 gram of BaSO^ = 0.07 
per cent S. 

Fercbntaob Composition of thb Ash-fbbb Substancb. 

C 48.17 48.26 48.34 48.26 

H 6.46 6.59 . . . 6.44 6.49 

N 11.69 11.43 11.50 11.51 

S 2.31 2.80 2.81 

O 8143 

100.00 

A comparison of the composition of these three preparations 
of mucin with each other, and with the mucin analyzed by 
Loebisch and by Hammarsten, brings out certain points of 
interest which merit attention : 
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Loebisch analyzed three distinct preparations of mucin from 
ox tendons, in which the carbon, hydrogen, and sulphur 
showed practically no variation. The nitrogen, however, 
varied from 11.59 to 11.84 per cent. The average content 
of nitrogen in his three preparations was 11.76 per cent, 
identical with the average of our three preparations. It is to 
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be noticed, however, that the carbon of our preparations 
shows decided variation, and it is also to be observed that a 
diminution in the percentage of carbon is attended in each 
case with a diminution in nitrogen. We may suppose that 
Preparation No. 8 is the purest of our products, and it 
is seen to agree most closely with the results obtained by 
Loebisch, except in the content of sulphur. The mucin 
from the submaxillary gland, as well as the snail mucin, are 
both characterized by a comparatively high content of nitro- 
gen, while the latter product also shows a higher percentage 
of carbon. 

Our results seemingly justify the assumption that white 
fibrous connective tissue contains more than one mucin, or 
else that the mucin obtainable from this tissue is prone to 
carry with it a certain amount of some other form of proteid 
matter which the ordinary methods of purification are not 
wholly adequate to remove. Our experience leads us to the 
belief that the surest way of obtaining a pure mucin from 
tendons, or at least one with a low content of carbon and 
nitrogen, is to first extract the finely divided tissue with 10 
per cent salt solution, then after removal of the salt with 
water to extract the tissue with half-saturated lime-water in the 
proportion of two cubic centimeters for every gram of moist 
tissue for about twenty-four hours at ordinary room tempera- 
ture. This extract may be rejected, as it is very liable to yield 
a mucin with a higher content of nitrogen and carbon. By 
extracting the tissue a second time with lime-water a mucin 
may be obtained with a lower content of carbon and nitrogen, 
as in our third preparation. It is purely an assiunption, how- 
ever, to say that this body with its lower percentage of carbon 
and nitrogen is pure mucin. There is at the present time no 
standard of purity with regard to this body, and it is quite as 
probable that fibrous connective tissue contains two or more 
mucins as that there is only one mucin in the tissue, and that 
any deviation from the figures obtained by Loebisch or by us 
in Preparation No. 8 is due to the presence of a larger or 
smaller amount of proteid impurity. 
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Undoubtedly, preliminary extraction of the tissue with salt 
solution tends to remove a certain amount of proteid matter, 
especially globulins, which might otherwise render the prodr 
uct impure, and possibly this is in part the cause of the 
lower content of carbon and nitrogen in Preparation No. 2 
as contrasted with Preparation No. 1. Still there is no 
certainty on this point, for it is to be remembered that pre- 
cipitation of the mucin requires the addition of considerable 
hydrochloric acid beyond neutralization of the alkaline fluid, 
and this excess of acid would naturally exert a marked solvent 
action upon any albuminous matter present. That the first 
lime-water extract is liable to yield a mucin with a higher 
content of both carbon and nitrogen the results fully indicate, 
and as a direct illustration of tlie difference in the content 
of nitrogen in mucin obtained from a first and second extract, 
we may instance the following experiment: Fifteen hundred 
grams of tendons finely divided, as usual, were extracted 
with 10 per cent salt solution for two days, then washed with 
water and placed in three liters of half-saturated lime-water 
for forty-eight hours. This first extract was then strained 
off, and the tissue treated a second time with a like volume 
of half-saturated lime-water, thus giving a second extract. 
From the first extract, the mucin was precipitated by hy- 
drochloric acid slightly above 0.2 per cent, the precipitate 
washed with 0.2 per cent hydrochloric acid, then with water, 
and lastly dissolved in 0.5 per cent sodium carbonate. From 
this filtered solution a portion of the mucin was precipitated 
by addition of 0.2 per cent hydrochloric acid, while a second 
portion separated only on addition of a somewhat increased 
strength of acid. These two fractions were washed thor- 
oughly with 0.2 per cent acid, then with water, and finally 
boiled with alcohol-ether until quite free from soluble matter. 
The yield in the first fraction was 1.4 grams, and in the 
second fraction 1.0 gram. From the second lime-water ex- 
tract the mucin was precipitated with 0.2 per cent hydro- 
cliloric acid, after which it was purified by washing with 
0.2 per cent acid, solution in 0.6 per cent sodium carbonate. 
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repiecipitation with 0.2 per cent acid, etc. The content of 
nitrogen in the three products, when dried at 110° C, was as 
follows, calculated on the ash-free substance 

First Extract Second Extract 



_ .fraction. Beoond fnctioD. 

12^ N. 11.91 N. 11.61 N. 

It is thus seen that the first extraction with lime-water 
furnishes a mucin with a considerably higher percentage of 
nitrogen than the second extract. It is equally noticeable 
that the mucin first precipitated — as in the first fraction of 
the first extract — has a higher percentage of nitrogen than 
the second fraction, thus indicating that the higher content 
of nitrogen and probably of carbon also belongs to some body 
more readily precipitated by acid than the mucin with 11.51 
per cent of nitrogen. In view of the great care exercised in 
all of these preparations, and the ready solubility of ordinary 
forms of albuminous matter in an excess of hydrochloric acid, 
especially after they have once been dissolved in an alkaline 
fluid, we are very much inclined to believe in the existence 
of several related mucins as components of ordinary white 
fibrillar connective tissue. 

Such a view presents no great difficulty. Submaxillary 
mucin, for example, differs from tendon mucin by only 0.6 
per cent of carbon (48.84 per cent) and about 0.5 per cent of 
nitrogen (12.32 per cent), although it shows some other points 
of difference, such as a tendency to undergo alteration by the 
action of lime-water and by being soluble in 0.2 per cent 
hydrochloric acid. Indeed, all of the various mucins de- 
scribed show minor points of difference, although agreeing 
in their general reactions, and it is easy to conceive of the 
presence of two or more closely related mucins, in tendons, 
with different elementary composition. 

The most remarkable thing, however, connected with the 
mucins that we have separated from this form of fibrillar 
connective tissue is the amount of sulphur present in the 
purified products. In snail mucin, Hammarsten has shown 



Digitized by VjOOQIC 



64 ' THE MUCIN OF WHITE 

the presence of 1.75 per cent of sulphur, but in the mucin 
from the submaxillary gland and in the mucin described by 
Loebisch as contained in tendons, the amount of sulphur has 
been placed at 0.84 to 0.81 per cent. In all three of our 
preparations, however, the sulphur present has amoimted to 
at least 2.80 per cent, and, moreover, the agreement in the 
several products has been very close indeed. The greater 
portion of this sulphur is closely combined, a small amount 
only being in the form of the mercaptan group and respond- 
ing to the reaction with potassium hydroxide and plumbic 
acetate. We present these figures with some doubt in our 
own minds, but, having obtained them as the result of most 
careful work, we see no possible explanation other than that 
this amoimt of sulphur is actually present in the mucin mole- 
cule. The determinations of sulphur were made after the 
usual method recommended by Hammarsten — viz., oxidiz- 
ing the mucin with a mixture of ten grams NaOH and 
two grams KNOs in a silver crucible, etc. The sodium hy- 
droxide employed was chemically pure, having been prepared 
from the metal, and, furthermore, several blank tests were 
made to prove the freedom of the various chemicals from 
sulphur. This percentage of sulphur is greater than has ever 
been accredited to a true mucin, although the mucin from 
the snail's membrane (mantle-mucin), which is somewhat 
related to keratin, has been found by Hammarsten to con- 
tain a fairly large amount of this element — viz., 1.79 per 
cent 

With regard to the reactions of the several products that 
we have studied, there is nothing special to be said. They 
all show the ordinary reactions of mucin as described by 
Loebisch, and we can simply substantiate what has long been 
published by him upon this point. 

The most characteristic feature of mucin is the peculiar 
cleavage it imdergoes when heated with dilute hydrochloric 
acid, by which a substance with reducing action upon alkaline 
copper solution results. Albumose and peptone are likewise 
formed by the action of the hot acid. We have tried several 
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preliminaiy experiments in this direction, the results of 
which may be briefly stated : 8.25 grams of mucin of Prep- 
aration No. 2 were heated in a boiling water-bath with one 
hundred cubic centimeters of 2 per cent hydrochloric acid 
for five hours. At the end of this period the solution was of 
a deep-brown color, while suspended through the fluid was a 
large amount of gelatinous matter more or less brown in color* 
This was filtered off, washed with water, in which it was 
wholly insoluble, imtil the washings gave no proteid reaction. 
It was then tested, with the following results : it was insoluble 
in dilute and stronger hydrochloric acid, but readily soluble in 
0.5 per cent sodium carbonate and in very dilute (0.5 per cent) 
potassium hydroxide. From the solution in sodium carbonate 
it was reprecipitated by neutralization, and was then readily 
soluble in a slight excess of 0.2 per cent hydrochloric acid. It 
gave the ordinary color reactions characteristic of proteid 
matter. Warmed at 40"* C. with an active gastric juice con- 
taining 0.2 per cent hydrochloric acid, it was wholly unaffected 
even after twenty-four hours, but when warmed with an alka- 
line pancreatic juice it was readily dissolved, and almost 
completely converted into products soluble even on neutraliza- 
tion of the fluid, thus attesting its conversion into soluble 
albumoses and peptones. These reactions suggest that the 
substance in question is a form of antialbumid. 

The original acid fluid containing the soluble products 
formed in the cleavage of the mucin was made neutral, by 
which a slight neutralization precipitate resulted, evidently 
syntonin from the reactions tried. The neutral fluid was then 
concentrated to a syrup, a strong caramel-like odor being de- 
veloped during the process, and while still warm the residue 
was treated with a large excess of 95 per cent alcohol, 
by which a thick gummy mass was formed, hard and brittle on 
cooling. While warm, the alcoholic fluid was quite clear and 
yellowish-red in color, but on cooling, a light-yellow precipi- 
tate, very small in quantity, formed, which was soluble in 
water, and gave a strong reducing action with Fehling's solu- 
tion. It was too small in quantity, however, to study further. 
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The gummy precipitate was washed by warming it repeatedly 
with fresh quantities of alcohoL It was readily soluble iu 
water, gave more or less of a proteid reaction, and showed a 
fairly strong reducing action with Fehling's solution. Tested 
with phenylhydrazine hydrochloride, and sodium acetate, only 
an amorphous precipitate resulted from which a crystalline 
osazone could not be obtained. On boiling the gummy mass 
with 2 per cent hydrochloric acid, however, and then ex- 
tracting the neutralized and evaporated fluid with alcohol, a 
very small amoimt of a crystalline osazone was obtained by 
application of the hydrazine test, apparently identical with that 
described further on. 

The original alcoholic solution from the above gummy pre- 
cipitate was evaporated to a small bulk on the water-bath, the 
residue taken up with fifteen cubic centimeters of water form- 
ing a clear solution. This solution showed strong reducing 
action with alkaline copper solution, and evidently contained 
the greater portion of the reducing body formed from the 
cleavage of the mucin. To the main bulk of this solution was 
added one gram of phenylhydrazine hydrochloride and 1.5 
grams of sodium acetate, after which the mixture was 
heated on the water-bath for an hour and a half, the volume 
of the fluid being kept at fifteen to twenty cubic centimeters. 
While hot the fluid was perfectly clear and reddish in color. 
After standing an hour in a cool place there was a marked 
separation of amorphous particles and oily globules, but no 
crystals could be detected under the microscope. After stand- 
ing fifteen hours the amorphous particles were almost wholly 
transformed into fine crystals. These crystals were light- 
yellow in color, and were mostly arranged in rosettes or balls 
of fine yellow needles, somewhat resembling lactosazone. The 
oily globules were unchanged. These crystals were purified 
by dissolving them in cold alcohol, followed by the addition of 
water, and heating the solution until the alcohol was practi- 
cally all removed, when the crystals again separated out as the 
fluid cooled. The crystals were also insoluble in the hot 
concentrated fluid. In this way tlie crystals were gittdually 
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freed from the oily globules spoken of above and rendered 
fairly pure. Each time the crystals were filtered they were 
also washed with a little cold water. During the process of 
purification the crystals changed their appearance somewhat, 
tending to take on the branching form characteristic of dex- 
trosazone. This crystalline osazone, when purified as much 
as possible, was readily soluble in warm water, in alcohol, ether, 
chloroform, and, to a certain extent, in benzol. The amount 
of the purified osazone was so small that the melting point 
alone could be determined. This was done as usual in a cap- 
illary tube. When the temperature reached 140° C. the 
substance commenced to darken slowly, and at 160'' C. it 
began to melt. Further recrystaUization of the osazone did 
not alter this melting point. In melting point, therefore, this 
osazone, if pure, differs widely from dextrosazone or lactosa- 
zone. In general appearance and solubility, as well aa in its 
meltmg point, it appears to resemble very closely the osazone 
obtained by Hammarsten from the cleavage product of the 
peculiar nucleoproteid described by him as present in the 
pancreas.* Whether this body is a pentaglucose, however, 
we cannot definitely say. We had hoped, especially in view 
of the strong reducing action of the above alcoholic solution, 
to obtain a fairly large amount of an osazone, sufficient to de- 
termine its content of carbon and nitrogen, but the yield of 
purified product was very small indeed. 

In order to verify the above results, a second portion of 
mucin was decomposed with dilute acid — 4.76 grams of 
mucin with two hundred and fifty cubic centimeters of 2 per 
cent hydrochloric acid — the mixture being heated directly 
over a lamp for about five hours. The flask was connected 
with an inverted Liebig's condenser to prevent concentration, 
and the mixture was kept in a state of gentle ebullition. In 
this case there was much less of the antialbumid-like body so 
prominent in the first decomposition, the amount being less 
than one-fifth that found before. The neutralization precipi- 
tate, however, was considerably larger, and albumose and pep- 

• ZeiUchr. f. physiol. Chem., Band xix, p. 19. 



Digitized by VjOOQIC 



68 MUCIN OF FIBROUS CONNECTIVE TISSUE. 

tone were both present in abundance. The caramel-like body 
precipitated by alcohol was naturally more abundant than in 
the first case, but on analysis it was found to contain a large 
percentage of nitrogen, so that its fancied resemblance to 
caramel is purely superficiaL By evaporation of the alcoholic 
extract containing the greater portion of the reducing body a 
residue was obtained as before, from which a crystalline 
osazone was formed agreeing in all of its properties with the 
body previously described. The purified osazone melted at 
158** to 160° C. It is thus evident that the mucin or mucins 
present in ox tendons yield on cleavage with dilute hydro- 
chloric acid a carbohydrate body which forms a well-defined 
and crystalline osazone, although at present we cannot state 
definitely the exact nature of this carbohydrate substance. 
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THE GELATIN FROM WHITE FIBROUS 
CONNECTIVE TISSUE * 

bt willabd g. van name. 

In a general way the chemical nature and composition of 
gelatin have been established for many years, but the more 
thorough chemical study of various forms of connective tissue, 
which has been carried on so successfully during the last 
decade, has revealed the existence of at least three distinct 
varieties of collagen, characterized by marked differences in 
chemical composition. The collagen of white fibrous tissue 
and of bone is generally considered as the same ; it apparently 
yields on hydration a gelatin with about 18 per cent of nitrogen. 
The collagen which makes up the greater portion of the 
cornea, on the other hand, contains about 17 per cent of 
nitrogen,t while the collagen of cartilage J yields a gelatin 
with only 16 per cent of nitrogen. Furthermore, we have 
evidence of the existence of a body in reticular tissue — 
reticulin — the composition of which appears to lie midway 
between that of gelatin and of elastin.§ Its nitrogen-content, 
according to Siegfried, is 16.68 per cent. Again, the amount 
of sulphur in gelatin is usually placed at about 0.6 per cent,|| 
but the gelatin formed from corneal collagen contains only 
0.3 per cent of this element^ Lastly, Schiitzenberger and 
Burgeois consider gelatin (commercial gelatin) as practically 

* Reprinted from the Journal of Experimental Medicine, vol. ii. 

t Homer, UnterBUchung der Proteinsnbstanzen in den lichtbrechenden 
Medien des Auges. Zeitschr. f. physiol. Chem., Bd. xviii, p. 224. 

t Momer, Studien Uber die Chemie des TracheallcnorpelB. Jahresbericht 
d. Thiercbemie, 1888, p. 220. 

i Siegfried, Ueber die chemischen Eigenschaf ten des reticulirten Grewebes. 
Habilitationsschrif t, Leipzig, 1892. 

II Hammarsten's Lehrbuch d. physiolog. Chem., 1895, p. 40. 

t Momer, Zeitschr. f . physioL Chem., Bd. xviii, p. 225. 
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free from sulphur, or hold at least that this element is an 
unessential constituent of the molecule.* 

In all of these tissues the difficulty of isolating with perfect 
purity the albuminoid itself is very great. In white fibrous 
tissue, for example, the close juxtaposition of the several 
anatomical elements, as well as the similarity in the reactions 
of the several chemical substances present, make it an 
exceedingly difficult matter to insure a complete isolation of 
the collagen. In a general way this may be readily done, but 
to obtain collagen from tendons, for example, absolutely free 
from all traces of mucin, elastin, and albuminous matter is not 
so easy. To be sure, the large proportion of collagen present 
in tendons practically insures, with reasonable care, freedom 
from any very large percentage of impurity ; but it is generally 
understood among physiological chemists that the sulphur of 
collagen or gelatin, for example, is somewhat questionable, 
that at least a portion of the 0.6 per cent of this element 
usually accredited to gelatin may be due to admixture of the 
richer sulphur-containing bodies, mucin or albumin, with 
which it is so intimately associated in the tissue. Indeed, it 
seems doubtful if we have on record any analysis of collagen 
or gelatin extracted from white fibrous connective tissue 
which can be accepted as representing the chemical composi- 
tion of the perfectly pure substance. Thus, a glance through 
the literature of the subject shows that most of our knowledge, 
especially bearing on tiie chemical composition of gelatin, is 
based upon a study of the commercial product, the source of 
which is obviously more or less uncertain. It has therefore 
seemed to the writer very desirable, in view of the probable 
existence of a number of distinct collagens and gelatins, to 
determine as accurately as possible the chemical composition 
of gelatin from white fibrous tissue, having especially in view 
the preparation of the substance entirely free from all traces 
of elastin, mucin, and albumin. This seems the more important 
as a necessary step preliminary to comparing the reactions of 

* Recherches sur U conBtitution des mati^res collag^nes. Comptes rendus, 
t Ixxxii, p. 262. 
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gelatin with albumin, — a comparison which is of primary 
importance in determining the exact genetic relationship of 
these two bodies. 

In many investigations on the chemical nature and properties 
of gelatin, the commercial product, purified perhaps by 
precipitation with alcohol, etc., has been employed and with 
valuable results, but in the light of present knowledge it 
seems quite imperative to establish with definiteness the 
chemical composition and reactions of gelatin from white 
fibrous connective tissue, and for this purpose it is necessaiy 
to have a product from a definite source and prepared in such 
a manner as to insure freedom from admixture, however 
slight, with any extraneous matters. The numerous proteid 
reactions obtained with ordinary gelatin are, in many cases at 
least, much less intense than those obtained with true proteids, 
a fact which has frequently led to the suggestion that gelatin 
owed its leactions in these cases to admixed albumin obtained 
from the tissue cells, etc. 

When gelatin has once been prepared from the tissue- 
collagen, its further purification becomes exceedingly difficult. 
It is therefore of primary importance that the albumin, elastin 
and mucin be completely removed from the collagenous tissue 
prior to the conversion of the latter into gelatin. The removal 
of these substances, however, from so compact a tissue as 
tendon, with its predominance of collagenous fibers, is not 
easy, and considerable time must be given in order to accom- 
plish this with any degree of thoroughness. The agents 
employed for the removal of these substances were water, 
half-saturated lime-water, dilute acetic acid, and alkaline 
pancreatic juice. 

PREPARATION A. 

Achilles tendons from oxen were carefully cleaned, freed 
from fat, etc., and then cut into very small pieces. The finely 
divided material (700 grams) was then soaked in thymolized 
water, frequently changed, for several days, to remove as much 
soluble matter as possible. It was next placed in 2 liters of 
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0.25 per cent solution of sodium carbonate ; SOO c. c. of a 
powerful pancreatic juice, prepared from Ktihne's dried 
pancreas, added, and the mixture warmed at 40° C. for five 
days, thymol being added from time to time to prevent 
putrefaction. In an. alkaline pancreatic juice of this description 
the pieces of tendon swell up and the individual fibers become 
more or less separated, so that the mass becomes soft and 
spongy, thus giving the solvent a good opportunity to reach 
every part of the tissue. 

As has been frequently demonstrated,* collagenous fibres 
which have not been boiled with water or treated with dilute 
acid are insoluble in an alkaline solution of trypsin. Elastic 
fibres, on the other hand, undergo digestion by this treatment, 
with formation of soluble products, elastoses and elastin- 
peptone. Mucin is likewise dissolved by the alkaline fluid, 
while all albuminous matter is readily converted into soluble 
proteoses, peptone, and amido-acids. This method would cer- 
tainly seem to furnish an effectual means of removing all tissue- 
elements except the collagen; even the nucleo-proteids and 
nucleins of the tissue cells being dissolved by this treatment. 

When the digestion was completed the residual collagen was 
strained off and washed thoroughly in large volumes of water 
until the pieces of tissue were without action on litmus paper 
and the fluid gave no reaction for dissolved proteids. It is 
to be noted, however, that when such apparentiy neutral 
tissue is boiled with water, the fluid gradually acquires an 
alkaUne reaction, thus indicating that the last traces of alkali 
cannot be removed by water alone. The collagen was next 
boiled with several liters of water, each portion of water added 
being kept in contact with the collagen for a few hours only, 
in order to avoid the formation of any gelatoses by the too 
prolonged heating of the newly formed gelatin. For the same 
reason water was frequentiy added to prevent the boiling 
point of the solution being raised by the increasing concen- 
tration. When the first extract was poured off, the residual 

• See Ewald, Zur Histologie nnd Chemie der elastischen Fasem and des 
Bindegewebes. Zeitschr. f . Biol., Bd. zzvi, p. 1. 
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coUs^n was boiled with a fresh quantity of distilled water, 
this operation being repeated until the larger part of the 
collagen was transformed into gelatin. The united fluids 
were then evaporated on the water-bath until quite concen- 
trated, forming when cold a hard, firm jelly. The gelatin 
was next precipitated by alcohol, this being accomplished by 
pouring the warm jelly, with stirring, into a large volume of 
96 per cent alcohol, by which it was thrown down as a soft 
stringy mass, gradually hardening by longer contact with the 
alcohol. The precipitate was then extracted for some days 
with absolute alcohol, and then with ether until it became 
hard and brittle. It was next ground up in a mortar, and 
the powder extracted continuously for two days with ether, 
for the complete removal of all fat or other ether-soluble 
matter. After this treatment the gelatin was dissolved in 
hot water, the fluid filtered through paper with the aid of a 
hot-water funnel, the filtrate concentrated somewhat, and 
again precipitated by a large volume of alcohol. The pre- 
cipitate was dehydrated by repeated treatment with absolute 
alcohol, again pulverized and re-extracted- with ether, after 
which it was considered ready for analysis. 

For analysis, a sufficient amoimt of the substance was dried 
at 110** C. until of constant weight. Carbon and hydrogen 
were determined by combustion in an open tube with oxygen 
gas, the products of combustion passing over a layer of cupric 
oxide, a layer of lead chromate, and a roll of reduced copper. 
Nitrogen was determined by the Kjeldahl method, sulphur by 
fusion with sodium hydroxide and potassium nitrate in a 
silver crucible and precipitation as barium sulphate after the 
method recommended by Hammarsten.* 

Following are the results obtained : 

PBEPARATION A. 

L 0.5859 gram substance gave 0.0818 gram COj = 49.96 per cent C, and 

0.3203 gram H,0 = 6.64 per cent H. 
IL 0.8622 gram substance gave 0.6615 gram CO, = 49.87 per cent C, and 
0.2145 gram H,0 = 6.57 per cent H. 

• ZeiUchr. f. phjsioL Chemie, Bd. ix, p. 289. 
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m. 0^780 gram Bubstance gave 0.6118 gram CO, = 60.04 per cent C, and 

0.1660 gram HjO = 6.67 per cent H. 
lY. 0.2006 gram substance gave 0.08666 gram N = 17.77 per cent N. 
V. 0.1034 " " " 0.08436 " N = 17.76 " N. 

VI. 0.0468 " " " 0.0214 " BaSO^ = 0.809 per cent S. 

VII. 0.8236 " " " 0.0202 " BaS04 = 0.386 " a 

VIIL 0.6468 " " " 0.0021 " ash = 0.324 per cent ash. 

Composition of ths Ash-fbbb Substangb. 

IV. y. YL yn. Average. 

60.12 

6.61 

17.82 17.86 17.84 

0.810 0.386 0.822 

26.10 

PREPARATION B. 

This preparation was made from calves' tendons, Achilles 
tendons, the method pursued being exactly similar to that 
^ made use of in preparation A. 

The composition of the gelatin, dried at 110° C. until of 
constant weight, was as follows : 

I. 0.2773 gram substance gave 0.6088 gram COj = 60.08 per cent C, and 

0.1507 gram HjO = 6.30 per cent H. 
II. 0.2711 gram substance gare 0.4067 gram CO, = 40.86 per cent C, and 

0.1614 gram HjO = 6.61 per cent H. 
III. 0.6762 gram substance gave 1.2323 gram CO, = 40.60 per cent C, and 

0.3034 gram HjO = 6.46 per cent H. 
rV. 0.4643 gram substance gave 0.8476 gram COj = 40.73 per cent C, and 

0.2734 gram HjO = 6.64 per cent H. 
V. 0.2460 gram substance gave 0.04400 gram N = 17.85 per cent N. 
VI. 0.2105 " " " 0.03754 " N = 17.70 « N. 

VII. 0.6046 " " " 0.0116 " Ba804 = 0.226 per cent S. 

VIII. 0.7304 " " " 0.0127 " BaS04 = 0.238 " S. 

IX. 1.0424 « " " 0.0180 " BaS04 = 0.236 " S. 

X. 0.3000 " " " 0.0010 « ash = 0.323 per cent ash. 

XL 0.4830 " " " 0.0020 " ash = 0.413 " ash. 

COMFOBITION OF THE AsH-FREB SUBSTANGB. 

(Average ash = 0.368 per cent.) 

L XL m. IV. V. VI. VIL Vin. a. AT«ngo. 

Carbon, 60.21 60.04 49.87 40.01 60.01 

Hydrogen, 6.41 6.68 6.48 6.66 6.62 

Nitrogen, 17.01 17.85 17.88 

Sulphur, 0.226 0.238 0.286 0.233 

Oxygen, 26.36 
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PREPARATION C. 

Here the method of preparing collagen was somewhat 
different from that followed in the two preceding cases. Ox 
tendons, carefully cleaned and cut into thin transverse sections 
with a razor (800 grams), were extracted thoroughly with 
water, then soaked in half-saturated lime-water for three 
days, for the removal of the mucin. The residual tissue was 
washed with water and again extracted with lime-water as 
before. After this treatment the tissue was washed repeatedly 
for five days with water slightly acidified with acetic acid, 
care being taken to avoid adding enough acid to cause swell- 
ing of the fibrous tissue. It was then digested with alkaline 
pancreatic juice at 40^ C, 2.3 liters of an active solution of 
trypsin containing 0.25 per cent of sodium carbonate being 
employed. After five days' treatment of this kind the residual 
collagen was strained off, washed repeatedly with cold water 
until entirely free from alkaline reaction, after which it was 
converted into gelatin by the method already described, and 
further purified as detailed under Preparation A. 

Analysis of the product, dried at 110** C. until of constant 
weight, gave the following results : ♦ 

L 0.3504 gram substance gare 0.6434 gram CO, = 50.07 per cent C, and 

0.2086 gram HjO = 6.61 per cent H. 
n. 0.5127 gram substance gare 0M90 gram COj = 49.94 per cent C. 
m. 0.8711 " " " 0.06601 " N = 17.78 " N. 

IV. 0.1826 " " " 0.03245 " N = 17.78 " N. 

v. 1.1682 " " " 0.0206 " BaSO* = 0.243 per cent S. 

VI. 1.3220 " " " 0.0172 " BaS04 = 0.177 " S. 

VII. 0.6631 " " " 0.0107 " BaS04 = 0.221 " S. 

Vm. 0.6881 " " " 0.0017 " ash = 0.289 per cent ash. 

IX. 0.2548 " " " 0.0009 " ash = 0.363 " ash. 

COMFOSITIOH OF THB ASH-FBEE SuBSTANCE. 

(Average ash = 0.321 per cent.) 

I. n. m. IV. V. VI. Vn. Arenge. 

Carbon, 60.23 60.10 60.16 

Hydrogen, 6.63 6.63 

Nitrogen, 17.88 17.88 17.83 

Sulphur, 0.243 0.177 0.221 0.213 

Oxygen, 26.14 

6 
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PREPARATION D. 

In this preparation the method of procedure was not quite 
so elaborate as in the three preceding cases. The tendons 
from oxen were cleaned and cut into thin ti-ansverse sections, 
soaked for some time in water, then extracted for five days 
with half-saturated lime-water, occasionally changed. The 
residual tissue was next washed for ten days with water 
slightly acidified with acetic acid, lastly with water alone. 
It was then boiled with water for about half an hour, the 
resultant solution being rejected, after which the collagen 
was transformed into gelatin as in the preceding cases, except 
that the boiling was not continued for so long a period, in or- 
der to avoid any hydration of the elastin that might be present. 
The gelatin was then purified as in the preceding cases. 

Analysis of the dried product gave the following results : 

I. 0.3019 gram substance gare 0.5628 gram CO2 = 40.83 per cent C, and 

0.1764 gram HjO = 6.46 per cent H. 
n. 0.3599 gram substance gave 0.6618 gram CO, = 60.10 per cent C, and 

0.2107 gram HjO = 6.63 per cent H. 
in. 0.2181 gram substance gave 0.03865 gram N = 17.72 per cent N. 
IV. 0.1649 " " •• 0.02902 " N = 17.60 " N. 

V. 0.6478^ " " " 0.0111 '* BaS04 = 0.234 per cent S. 

VI. 1.2868 " " " 0.0241 " BaS04 = 0.266 " S. 

VII. 1.2868 " " " 0.0270 " BaS04 = 0.287 " S. 

Vin. 0.3640 " " " 0.0010 " ash = 0.274 per cent ash. 

IX. 0.4274 « " " 0.0013 " ash = 0.304 " ash. 

Composition of the Ash-fbee Substance. 
(Average ash = 0.289 per cent.) 

I. n. m. IV. V. VI. Vn. Avenge. 

Carbon, 60.07 60.24 60.15 

Hydrogen, 6.46 6.54 6.60 

Nitrogen, 17.77 17.65 17.71 

Sulphur, 0.234 0.266 0.287 0.269 

Oxygen, 26.88 

Average Comfobitiok of the Different Preparations, Ash-free. 

A. B. C. D. ATenge. 

Carbon. 60.12 60.01 60.16 60.16 60.11 

Hydrogen, 6.61 6.62 6.63 6.60 6.66 

Nitrogen, 17.84 17.88 17.83 17.71 17.81 

Sulphur, 0.322 0.233 0.218 0.269 0.256 

Oxygen, 26.10 25.36 26.14 26.38 26.24 

Ash, 0.824 0.368 0.321 289 0.326 
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The results of these aDalyses agree so closely that it is safe 
to conclude that the several preparations have practically the 
same composition. Especially noticeable is the low content 
of sulphur and the small content of ash, two features which 
may be taken as indicative of the great purity of the products. 
Undoubtedly the small percentage of sulphur, as contrasted 
with those in the older analyses, is due to the more complete 
removal of mucin in these preparations, for, as has been 
recently found, the sulphur-content of mucin from tendons 
is quite high, 2.32 per cent.'*' It is also to be noted that the 
present analyses show the percentage of sulphur in this form 
of gelatin to be even lower than the amount found by Mbmer 
in the gelatin obtained from corneal cartilage, 0.3 per cent. 
Further, the above samples of gelatin give no reaction for mer- . 
captan-sulphur with plumbic acetate and potassium hydroxide. 

In preparation C, phosphorus was determined by fusion 
with sodium hydroxide and potassium nitrate, etc. The 
result showed the presence of 0.025 per cent of phosphorus. 
The ash, however, contained calcium phosphate. Calculating 
aU the phosphorus found to tribasic calcium phosphate would 
account for less than half the ash. The ash also contained 
calcium sulphate. Taking the average content of ash and 
calculating half of it as calcium sulphate would require 0.038 
per cent of sulphur, an amount too small to materially modify 
the percentage of sulphur found in the substance. 

Among the earUer analyses of gelatin, or rather of collagen, 
from white fibrous connective tissue are those of Scherer.f 
His process of preparation consisted in macerating the tendons 
in water containing saltpetre, washing repeatedly with water, 
and finally extracting with alcohol and ether. The average 
composition of the product was C 60.61, H 7.16, N 18.37, S 
and O 24.03. 

Hofmeister % prepared a body which he considered identical 

* Chittenden and Gies, The Mucin of White Fibrous Connective Tissue. 
Journal of Exper. Medicine, yoI. i, p. 186. 

t Annal. d. Chem. u. Fharm., Bd. zl, p. 46. 

} Ueber die chemische Structur des Collagens. Zeitschr. f . physiol. Chem., 
Band ii, p. 299. 
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with natural collagen, by heating commercial gelatin (purified 
by precipitation with alcohol and containing 0.61 per cent of 
ash) to 130° C. until constant weight was attained. This 
substance he believed to differ from the gelatin by only one 
molecule of water. Its composition was C 60.75, H 6.47, 
N 17.86, S and O 24.92. It contained 0.62 per cent of ash. 
Sulphur was not determined. 

Gorup-Besanez * gives the following analysis of tendons 
and of the gelatin prepared from them: 

Tendoni. G«l«tin. 

Carbon, 60.9 60^ 

Hydrogen, 7.2 6.7 

Nitrogen, 18.8 17.9 

S^;S! "^ *^» 

The content of sulphur in gelatin he gave as 0.56 per cent. 

Chittenden and Solley,t by an analysis of commercial gelatin, 
purified by precipitation with alcohol, etc., obtained the 
foUowing results: C 49.38, H 6.81, N 17.97, S 0.71, O 25.18. 
The ash content was 1.26 per cent 

Hammarsten % obtained 0.665-0.747 per cent of sulphur in 
commercial gelatin containing 1.74 per cent of ash. 

Weiske § prepared gelatin or gelatoses from bone by 
extracting with dilute hydrochloric acid and then heating the 
residual tissue with water at 130° C. in a Papin's digester. 
This product contained only 0.80 per cent of ash. The 
disadvantage of extracting tissue of this kind with hydrochloric 
acid, although unavoidable in the study of bone-coUagen, is 
apparent from his own statement that after washing the 
softened tissue in water for four weeks it still contained 
chlorine. From commercial gelatin, according to O. Nasse,| 
the inorganic salts may be removed by long-continued soaking 
in water. In this way he was able to reduce the ash to 0.6 

* Lehrbuch d. phjsiol. Chem., 1878, p. 142. 

t The Primary Cleayage Producto formed in the Digestion of Gelatin. 
Journal of Physiol., vol. xii, p. 23. 

X Zeitschr. f. physiol. Chem., Band ix, p. S06. 

§ Zor Chemie des Glutins. n)id., Bd. yii, p. 460. 

li Ueber die Chemie des Glutins. Jahresbericht d. Thierchemie, 18S9, p. 29. 
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per cent. The soaking of gelatin in dilute acid, however, 
results in the formation of a salt-like compound, from which 
the acid cannot be withdrawn by washing with water. By 
adding a little ammonia to the water this may be accomplished. 
From this short r^sum^ it is evident that pure gelatin from 
white fibrous connective tissue is not widely different in 
composition from commercial gelatin, so far as the content of 
carbon, hydrogen, and nitrogen is concerned. In the content 
of sulphur, however, there is a wide difference, pure gelatin 
from tendons contaming only 0.25 per cent of this element. 
Especially important in this connection is the fact, now 
brought out, that the sulphur-content of gelatin from white 
fibrous connective tissue is very closely akin to that of the 
related albuminoid elastin,* the latter, according to the latest 
researches, containing 0.8 per cent of this element. Elastin, 
however, differs widely from gelatin in its content of carbon 
and nitrogen. Further, the fancied difference in the content 
of sulphur between corneal gelatin and tendon gelatin also 
falls away, although these bodies are plainly unlike in their 
content of nitrogen. 

REACTIONS OP GELATIN. 

Although the four samples of gelatin described were studied 
with great care, no difference in chemical reactions was 
observed. They all showed a very faint alkaline reaction and 
were rather noticeably soluble in cold water. In trying pre- 
cipitations with various reagents, a 2 per cent aqueous solution 
of gelatin was made use of, and at room temperature this was 
fluid enough for the purpose, but if warmed and allowed to 
cool undisturbed the solution showed some tendency to 
gelatinize. Halliburton f states that the power of gelatinizing 
is possessed by solutions from 1 per cent up, but diminishes 
with every successive solution. This somewhat weak power 

* Chittenden and Hart, Elastin and Elastose Bodies. Studies in Physiol. 
Chem., Yale Univer., toI. iii, p. 19. Also Schwarz, Untersuchungen uber die 
chemische Beschaffenheit der elastischen Substanz der Aorta. Zeitschr. f. 
physiol. Chem., Bd. xviii, p. 487. 

t Text-book of Chem. Physiol, and Pathol., p. 471. 
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of gelatination is not to be ascribed to extensive conversion 
into gelatoses, but is more probably connected with the greater 
purity of the products. Thus O. Nasse * observed that the 
more nearly free from ash his gelatin was, the less the tendency 
to gelatinize, diminution in the percentage of ash leading to 
loss of the power of gelatination. This being the case, freedom 
from inorganic constituents might naturally be expected to 
result in greater solubility in cold water. Hammarstenf 
mentions the well-known fact that gelatin is more easily 
precipitated by alcohol in the presence of neutral salts, and he 
further mentions that " it is precipitated by tannic acid in the 
presence of salt." Salts unquestionably do exert a very 
marked influence in rendering precipitation of gelatin more 
complete, from which it might be argued that their absence 
from or diminution in gelatin would enhance its solubility in 
water and decrease its power of gelatinizing. On the other 
hand, it is of course possible that the long-continued process 
' of preparation may have resulted in the formation of some 
gelatose, although great care was exercised to avoid such an 
occurrence, the heating with water in the conversion of 
collagen into gelatin having been of comparatively short 
duration. 

In the precipitation of pure gelatin with most reagents 
there is noticeable a tendency toward incompleteness of 
separation and a dependence of the reaction upon the attendant 
conditions, especially the concentration of the fluid. Upon 
this fact, no doubt, many of the conflicting statements in 
regard to the reactions of gelatin depend, although some of 
the differences noted by various writers are due to the lack of 
purity of the gelatin employed, and possibly also to the 
source from which it was derived. Further, the fact that with 
certain reagents only slight precipitates are obtained has led 
to the belief that these reactions are due to the presence of 
albumin and not to gelatin itself, whereas the correct explana- 
tion in many cases is to be found in the solubility of the 

« Jahresbericht d. Thierchemie, 1889, p. 31. 
t Lehrbuch d. phyuol. Chem., 1895, p. 47. 
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precipitate, in the excess of the reagent, for example, which 
may even prevent its appearance altogether if the conditions 
are not favorable. 

Pure gelatin gives the biuret or Piotrowski's reaction 
strongly, the shade of color being a violet-purple. Millon's 
and the xanthoproteic reactions are obtained with g^reat 
distinctness, the former being especially strong, although in 
both cases the reaction is by no means as marked as that 
obtained with corresponding amounts of albumin or globulin. 
The reactions are altogether too pronounced to be credited to 
traces of contained albumin, as has frequently been done in 
the past. Far more plausible is it to assume that the radical 
or radicals (perhaps an oxybenzene group) to which these 
reactions are due, and which are so abundant in the proteid 
molecule, are contained only in small proportion in the gelatin 
molecule. 

With Adamkiewicz's reaction, and also with Liebermann's 
reaction, pure gelatin yields negative results. 

With acetic acid and potassium ferrocyanide a slight pre- 
cipitation is obtained, if the ferrocyanide solution is added 
carefully. A very slight excess of the latter redissolves the 
precipitate. 

With picric acid, trichloracetic acid, tannic acid, chloro- 
platinic acid, phosphomolybdic acid and phosphotungstic acid, 
pure gelatin is more or less completely precipitated. With 
picric acid the precipitate first formed redissolves readily, 
becoming permanent on addition of more of the reagent. It 
is somewhat soluble in excess of the precipitant. With 
trichloracetic, acid the precipitation is far from complete. 

The following reagents do not precipitate pure gelatin: 
plumbic acetate, basic lead acetate, cupric sulphate, ferric 
chloride, silver nitrate, and mercuric chloride. 

Mercuric chloride, however, causes a precipitate if hydro- 
chloric acid is added. As solutions of mercuric chloride some- 
times contain a little free acid, a turbidity may be obtained 
with the mercuric chloride alone. The precipitate formed on 
adding acid is very soluble in excess of acid, especially on 
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warming the fluid, reappearing as the solution cools. Sodium 
chloride appears to assist in the precipitation if added in 
considerable quantity (in 20 per cent solution), simply by 
making a medium in which the precipitate is less soluble, but 
it does not play any essential part in the reaction. Acetic 
acid will not take the place of hydrochloric acid in this 
reaction, neither will sodium chloride induce precipitation of 
gelatin by mercuric chloride in the absence of acid. 

Gelatin is precipitated from aqueous solutions by saturation 
of the fluid with ammonium sulphate, with sodium sulphate, 
and with magnesium sulphate. 

Saturation with sodium chloride causes only a slight pre- 
cipitate, but if acetic acid is added to the salt-saturated fluid 
a heavy flocculent precipitate results. Hydrochloric acid will 
take the place of acetic acid in this reaction, but the preci- 
pitate is more soluble in excess of the acid. 

Saturation with ammonium chloride fails to produce any 
precipitate until the fluid is acidified with acetic acid, when 
the gelatin, in part at least, is thrown down. 
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A FURTHER STUDY OP THE INFLUENCE OF ALCO- 
HOL AND ALCOHOLIC DRINKS UPON DIGESTION, 
WITH SPECIAL REFERENCE TO SECRETION • 

Bt R. H. CHITTENDEN, LAFAYETTE B. MENDEL and 
HOLMES a JACKSON.t 

In a previous paper J on the "Influence of Alcohol and 
Alcoholic Drinks upon the Chemical Processes of Digestion " 
it was carefully pointed out that any complete and satis- 
factory answer to the question "How do alcoholic fluids 
affect digestion?" cannot be obtained by any single line of 
experimentation, since the rate and extent of digestion may 
be modified in a variety of ways and through a variety of 
channels. Thus, due consideration must be given not only 
to the direct influence of alcoholic fluids upon the solvent or 
digestive power of the several digestive juices, but heed must 
also be given to the quantitative and qualitative modifications 
which the secretions themselves may undergo, as well as to 
variations in the rate of absorption and to the possible inter- 
action of these and other factors. In our earlier paper, the 
data presented threw light only upon the chaiucter and 
extent of the influence exerted by various alcoholic fluids 
upon the purely chemical processes of digestion, i. e., upon 
amylolysis and proteolysis. In the continuation of these 
studies during the past year our efforts have been directed 
mainly to acquiring a fuller knowledge of the action of 
alcoholic beverages upon secretion ; and in so doing new data 

* Being a statement of some research work done for the Committee of 
Fif tj for the Investigation of the Liquor Problem, and to be regarded as a 
preliminary report, contributing facts upon which a general discussion may 
in the future be undertaken by the Committee as a whole. 

t Reprinted from the American Journal of Physiology, vol. i. 

t Chittenden and Mendel, American Journal of the Medical Sciences. 
1806. January-April. 
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have been obtained which, it is hoped, will prove of value in 
explaining more fully the action of these fluids upon the 
whole process of digestion. 

SAUVAET SECRETION. 

The current statements regarding the influence of alcohol 
on the secretion of saUva are confined to a brief reference to 
the direct action on the flow into the mouth. Thus it is 
stated that ahnost coincident with the burning sensation 
caused by alcohol taken into the mouth, a copious flow of 
saliva begins, due to reflex stimulation of the glands through 
the nervous system.* We have performed experiments with 
the object of ascertaining (1) the possible variations in the 
amount of salivary flow due to the presence of alcoholic fluids 
in the mouth, psychical influences being eliminated so far as 
possible; (2) the character of the saliva thus secreted; (8) 
the influence upon secretion of alcoholic beverages introduced 
into the stomach. It seemed particularly desirable to investi- 
gate this latter phase in view of the asserted influence of 
irritating substances (vinegar, alcoholic extract of pepper, etc.) 
when introduced du'ectly into the alimentary tract through 
a fistula. There is said to result under such conditions a 
reflex flow of saliva, the nervous impulses being transmitted 
through the vagus.f 

The Inflnance of Alcoholio Fluids introdaced into the Mouth. 
— In the following experiments the attempt was made to 
ascertain something as to the character and extent of the 
direct stimulation of the salivary glands provoked by the 
presence of alcoholic fluids in the mouth, as well as to 
determine what quantitative changes, if any, may be called 
forth in the composition of the secretion in this way. These 
experiments were made on both man and dogs. The method, 
in the first instance, consisted in taking into the mouth 

* Compare, for example, Kilhne, Lehrbuch der physiol. Chemie, 1868, p. 
2 ; Lauder Brunton, Disorders of digestion, 1886, p. 143. 

t Oehl, Comptes rendus, lix, p. 836, quoted by Heidenhain, Hermami's 
Handbttch der Ph^siblogie, 1883, t, p. 83. 
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10 c. c. of the fluid studied, and allowing it to remain there 
for an instant previous to swallowing it. The normal con- 
ditions were thus closely imitated, and reflex influences from 
the stomach not excluded. The head was now turned to one 
side and rested upon the arm, the saliva being allowed to 
collect in the cavity of the mouth. As the fluid accumulated 
it was from time to time, during fifteen to twenty minutes, 
allowed to flow out of a comer of the mouth into a measuring 
vessel. Movements of the jaws and tongue were carefully 
avoided and psychic stimulation was excluded as far as 
possible. The method, already recommended by Hofbauer,* 
was found to be reasonably satisfactory, and control trials 
showed that the quantities of saliva obtained within periods of 
fifteen or twenty minutes could be appropriately compared. 

Of the saliva thus collected, 3-4 c.c. were taken for analysis. 
A weighed quantity was dried in a tared crucible on a water- 
bath and then for four or five hours at 106° C, this time being 
found sufficient to bring crucible and contents to a constant 
weight. Total solids were thus determined. The crucible 
was then ignited, care being taken to prevent loss by volatili- 
zation of salts. The ash thus obtained is given as salts in the 
protocols, while the organic constituents were obtained by 
subtracting the amount of salts from the total solids. In 
some cases the amount of chlorine in the ash was determined by 
the usual method of titration with weak silver nitrate solution. 
The analytical results are all expressed in percentages. The 
following figures serve to illustrate the results of a typical 
duplicate analysis : — 

SUBMAXILLARY SALIVA OF DOG. 





Water. 


Total 
BoUda. 


Onanlo 
CoDadtnenta. 


Balta. 


Chlorine. 


A. 
B. 


^.99 
96.99 


1.01 
1.01 


0.80 
0.78 


0.21 
0.23 


0.042 
0.040 



« Hofbauer, Archly ftlr die ges. Physiol., 1897, brr, p. 603. 
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It is an observation easily verifiecU that the presence of a 
small quantity of strong alcohol or alcohoUc beverage in the 
mouth excites a sudden flow of saliva. This acceleration in 
flow is, at most, a very brief one, and the rate of flow quickly 
returns to that pertaining to normal conditions, t. e., absence 
of stimuli in the mouth. The stimulation in this case is not 
due merely to the mechanical action of the fluid introduced, 
nor is it a form of stimulation specific for alcohol alone, as our 
experiments on dogs have demonstrated. Thus, animals were 
anaesthetized with ether and chloroform through a tracheal 
cannula (thereby avoiding direct stimulation of salivary flow), 
a small dose of morphine, or a larger one of chloral, having 
been previously administered. A cannula was then introduced 
into one or both ducts of the submaxillary glands. A small 
wad of absorbent cotton moistened with the fluid to be studied 
was introduced with a forceps into the back of the mouth 
upon the tongue, and the flow of saliva from the ends of the 
cannulas noted. It was found by this method that water or 
weak sodium chloride solution (0.7 per cent) produced no 
further effect than the secretion of a drop or two of saliva due 
to the mere mechanical action of introducing the wad ; with 
increasing strengths of salt the secretion was decidedly ac- 
celerated, flowing readily after application of 20 per cent salt 
solution, the acceleration, however, being very brief in dura- 
tion (5 min.). The buccal cavity could be swabbed out with 
water occasionally, the effect being a minimal one. It was 
found that weak alcohol, introduced in this way, provoked 
Uttle, if any, flow ; while stronger alcohol (50 per cent) gave 
rise to a transitory secretion, the stimulation in this case, how- 
ever, being far more marked than can be produced by the 
indirect action of alcohol through the stomach. Thus, in one 
animal, in which the activity of the glands was found pro- 
nounced when a drop of dilute acetic acid was applied to the 
tongue, injection of 100 c.c. 50 per cent alcohol directly into 
the stomach, failed ta provoke any reflex salivary flow in half 
an hour. 

Turning now to the influence of alcoholic fluids upon the 
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rate of flow and composition of the saliva in man, the ac- 
companying experiments, by the method above indicated, may 
be cited (p. 77). The first two (I and II) show the results 
obtained with successive portions of water ; in the following 
ones, a control experiment with water in each instance pre- 
ceded the trial with the alcohoUc fluid. 

The alcoholic content of the fluids employed was as follows : 
Brandy, 47 per cent by voL ; gin, 61 per cent ; sherry, 21 per 
cent. 

From these figures it is seen that the results obtained with 
two successive portions of water scarcely differ from each 
other, the tendency, however, being towards decreased flow 
accompanied by decrease in dissolved material in the saliva. 
Interpreted in physiological terms, these results indicate that 
the second stimulation with water is, if anything, weaker than 
its predecessor. In decided contrast appear tiie results ob- 
tained with the alcoholic liquors. Here may be observed an 
increased flow of saliva, not pronounced, but accompanied by 
an increase in both organic and inorganic constituents. The 
effect is precisely analogous, both in composition and rate of 
flow, to that brought about by an increase in intensity of stim- 
ulation, when the salivary glands are electrically excited 
through their nerves.* 

The following diagram represents in graphic form the results 
given in the preceding table, i. e, (1), the relative rate of flow 
induced by water and by the alcoholic fluid ; (2) the content 
of solid matter, together with the relative proportion of ash or 
inorganic matter and of organic matter as indicated by the loss 
on ignition. 

The Inflnenoa of Alcohollo IdqnorB Introdaoed directly Into the 
Stomaoh. — In our experiments on the reflex stimulation of 
salivary flow, the attempt to produce a persisting secretion due 
to the presence of alcohol in the stomach was unsuccessful ; 
nor have we been able to obtain evidence of an unusual flow 

* Cf. Heidenhain : Archir f Or die ges. Physiol. 1878, xvii, p. 7, and He^ 
mann's Handbuch der Physiologie, t, p. 52. 
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Diagram illnBtrating the relatiye influence of alcoholic floida on the rate of 
secretion and composition of homan saliya. 

of saliva under snch circumstances in dogs with gastric fistulse. 
It seemed desirable, however, to examine the possible direct 
influence of alcoholic fluids on the salivary glands and the 
resulting secretion, when other factors were excluded as far as 
possible. In these experiments dogs of 10 to 18 kilos were 
used. Chloroform-ether mixture was employed to produce 
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ansesthesia, and was administered through a tracheal tube in 
part of the experiments, the danger of respiratory difficulties 
resulting from salivary flow induced in the glands as a result 
of the ether stimulation being thus avoided. In the later 
stages of the experiments the alcohol introduced usually suf- 
ficed to maintain the animal in perfect quiet. Fredericq * has 
recommended the use of alcohol for producing narcosis in 
rabbits ; it has been found quite satisfactory for this purpose 
in the dog, the effects passing off with relative rapidity. 

A glass cannula, bent at the end, was tied in Wharton's 
duct (and occasionally a second cannula into the duct of the 
sublingual gland). The chordo-lingual nerve was ligatured 
and cut at some distance centrally to the point where the 
chorda tympani branches off to the glands. All secretion in 
the corresponding gland was thus stopped except during 
stimulation of the chorda, which was accomplished through 
raising the peripheral end of the cut nerve by the ligature and 
slipping hook electrodes under it. The interrupted current of 
a Du Bois induction-coil with a single element was used as the 
stimulus. Saliva was collected in small graduated cylinders. 
Alcohol was introduced into the stomach by making an incision 
through the linea alba, etc., and injecting the fluid directly 
into the organ thus exposed by means of a large needle- 
pointed syringe. By careful avoidance of the larger gastric 
vessels, bleeding was minimal. The general course of the 
experiments was as follows : A distance between the primary 
and secondary coil of the inductorium was selected such as a 
preliminary trial showed to give a medium rate of flow. This 
stimulus was, so far as possible, kept constant throughout the 
experiment. The chorda was repeatedly stimulated for periods 
of one minute, followed by pauses of two minutes, during 
which the nerve was kept covered. In this way sufficient 
quantities of saliva for analysis were collected. Before 
collecting a sample of saliva under any given conditions, the 
six or seven drops first discharged were thrown away, and 
thus the fluid stored up from previous stimulation in the 
* Fredericq : ManipulAtions de physiologie, p. 19. 
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gland lumina, ducts, and cannula was avoided.* After 
collecting two or three control samples, the fluid to be 
considered (usually warmed slightly) was injected into the 
stomach in the manner already described, and this was 
followed by a pause of five minutes. The pulse was observed 
at frequent intervals to detect any possible influence on the 
heart's action and consequent blood-flow. The samples of 
saliva collected were analyzed in the manner already described. 
At the conclusion of the experiment, the animal was killed by 
bleeding, and the condition of the glands, as well as of the 
stomach and other organs, examined. The protocols of three 
typical experiments are given below. 

1, ill, 1897. Dog. Weight 14 kilos. Chloroform and ether administered 
through tracheal tube during part of the experiment Distance of sec- 
ondary coil = 200 mm. Period of stimulation = 1 min., followed by a 
pause of 2 min. 





Tine. 


Amoant 

8aUya 

OoUected. 


Rate of 
SecTBtioii 
per min. 


Water. 


Total 
BoUda. 


Organic 
Matter. 


Salts. 


Chlorine. 






cc 


cc. 


percent. 


percent. 


percent 


percent. 


per cent. 


It 


10.86 


6.8 


0.7 


98.76 


1.24 


0.94 


0.80 


0.026 


II 


11.08 


6.4 


0.6 


98.94 


1.06 


0.78 


0.88 


0.036 


III 


11.38 


6.2 


0.8 


98.96 


1.06 


0.69 


0.86 


0.044 


IV 


11.66 


4.0 


0.8 


98.90 


1.10 


. . . 


. • . 


0.048 




12.20 


80 c.c. 60 per cent alcohol injected into stomach. 
4.8 0.8 98.96 1.04 0.69 0.36 




V 


12.86 


0.047 


VI 


12.65 


4.8 0.8 99.01 0.99 0.69 0.40 


0.076 




1.16 


100 cc. 60 per cent alcohol injected into stomach. 




VII 


1.21 


4.9 


0.8 


99.06 


0.96 


0.69 


0.86 


0.066 


VIU 


1.42 


6.0 


1.0 


99.06 


0.96 


0.60 


0.86 


0.060 


IX 


2.02 


6.6 


0.9 


99.14 


0.86 


0.62 


0.34 


0.048 


X 


2.24 


6.2 


0.8 


99.17 


0.88 


0.47 


0.86 


0.042 




2.68 


100 cc. 60 per cent alcohol injected into stomach. 




XI 


2.68 


4.6 


0.6 


99.07 


0.98 


0.68 


0.80 


0.084 


XII 


8.27 


6.0 


0.6 


99.18 


0.82 


0.68 


0.29 


0.037 


xin 


4.10 


6.0 


0.7 


99.17 


0.88 


0.49 


0.34 


0.088 



Dog killed. Stomach mucosa normal in appearance. Urinary bladder 
and gall bladder greatly distended. Stomach contents = 460 cc, faintly acid 
in reaction, and containing 24.6 grams of alcohol. No food present. 



* Cf. Heidenhain, Hermann's Handbnch der Fhysiologie, r, p. 68; Langley 
and Fletcher ; Philosophical Transactions, 1889, clzxz, B., p. 112. 

t In this first period the distance of the secondary coil was 280 mm., bu^t 
the stimulation was unsatisfactory. 

6 
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22, iii, 1807. Bitch. Weight, 10 kiloe. Chloroform and ether administered 
during operation. Tracheotomy performed after operation. Distance of 
secondary coil = 240 moL Period of stimalation = 1 min., followed by 2 min. 
pause. 





Time. 


Amoant 
OoUectad. 


Bats of 
Secretion 
per min. 


Water. 


Total 
SoUda. 


Organic 
Matter. 


Baits. 


Chlorine. 






CO. 


O.C. 


percent. 


percent. 


percent 


percent. 


percent. 


I 

II 
III 


11.80 
11.42 
11.67 


4.6 
4.7 
4.0 


1.1 
0.9 
0.7 


98.68 
98.70 
98.84 


1.32 
1.80 
1.16 


1.08 
0.96 
0.73 


0.29 
0.34 
0.48 


0.032 
0.074 
0.146 


IV 
V 

VI 


1236 

12.41 

12.69 

1.29 


150 C.C. 
4.9 
5.5 

4.7 


burgundy injected hito stomach. 
0.8 98.72 1.28 0.91 
0.6 98.78 1.22 0.87 
0.7 98.91 1.09 0.82 


0.37 
0.36 
0.27 


0.092 
0.096 
0.071 


VII 
VUI 


2.00 
2.06 
2.82 


200 C.C. 1 

4.7 


>urgund 


J injected 
98.88 
98.98 


into Bton 
1.12 
1.02 


ladi. 
0.82 
0.69 


0.30 
0.83 


0.058 
0.099 



Dog killed ; stomach contents = 190 c.c. ; claret color; mucosa not inflamed. 
Contents contained 13.1 grams of alcohol. The burgundy used contained 
5.2 per cent of alcohoL 

12, iy, 1897. Bitch. Weight 9 kilos. Chloroform and ether during opera- 
tion. Distance of secondary coil = 190 mm. Stimulation 1 min., followed 
by a pause of 2 min. 





Time. 


Amount 

Salira 

Colleoted 


Rate of 
Secretion 
per min. 


Water. 


Total 
SoUda. 


Organic 
Hatter. 


Baits. 


Chlorine. 






cc. 


CO. 


percent. 


percent 


percent. 


percent 


per cent 


I 


9.24 


4.5 


0.9 


98.76 


1.24 


0.97 


0.27 


0.062 


II 


9.40 


4.6 


0.7 


98.89 


1.11 


0.81 


0.30 


0.064 




10.40 


100 cc. distilled water injected into stomach. 




III 


10.53 


4.7 0.6 99.04 0.96 0.66 0.80 


0.049 


IV 


11.21 


5.0 0.5 99.09 0.91 060 0.81 


0.060 




11.60 


100 c.c. distilled water injected into stomach. 




V 


11.66 


4.5 


0.5 


99.30 


0.70 


0.64 


0.16 


0.024 


VI 


12.26 


4.5 


0.6 


99.38 


0.67 


0.36 


0.31 


0.078 


VII 


12.61 


4.6 


0.7 


99.39 


0.61 


0.36 


0.26 


0.063 




1.18 


100 cc. 50 per ceiit alcohol injected into stomach. 




vin 


1.23 


5.7 


0.7 


99.35 


0.65 


0.36 


0.29 


0.067 


IX 


1.44 


4.8 


0.8 


99.38 


0.62 


0.82 


0.30 


0.087 


X 


2.03 


4.7 


0.7 


99.47 


0.53 


0.29 


0.24 


0.087 


XI 


2.25 


4.7 


0.6 


99.47 


0.53 


0.22 


0.81 


0.097 



Dog killed. Stomach mucosa normal. Contents = 100 Cc Ko odor of 
alcohol. 
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Experiments of the character indicated by these protocols 
were carried out with alcohol in varying doses, whisky, 
brandy, and wine, and control experiments with water were 
also made. In attempting to interpret the analytical data 
thus obtained in experiments extending over several hours it 
is necessary to bear in mind facts regarding salivary secretion 
which seem to be sufficiently established. Ludwig * showed 
that the submaxiUaiy saliva secreted during stimulation of the 
chorda tympani imdergoes a change in composition varying 
with the duration of the flow, the content of organic solids 
decreasing in far greater degree than the dissolved salts. 
Heidenhain f found that the percentage of salts in the saliva 
varies directly with the rate of secretion, quite independently 
of the state of the gland, the organic constituents, however, 
being influenced by the condition of the secreting organ as 
well as by the strength of stimulus and resulting rate of secre- 
tion. These observations, verified by WertherJ and by 
Langley and Fletcher,§ have been extended by the latter 
investigators, who formulated the opinion that " the secretion 
of organic substances depends wholly, or almost wholly, upon 
the strength of the stimulus, whilst the secretion of water and 
of salts depends also upon the amount of blood flowing through 
the gland." || In view of the well-known fact that changes in 
the strength of the stimulus immediately bring about a change 
in both rate of secretion and composition of the saliva, we 
have attempted to maintain a constant stimulus throughout 
each series of observations by selecting some satisfactory 
distance of the secondary coil of the inductorium and by 
applying the electrodes as uniformly as possible. Owing to 
the gradual decline in the irritability of the exposed nerve, 
the impossibility of applying the electrodes constantly in 
one position, and other imavoidable difficulties, ideal results 
cannot be obtained. However, the difficulties were present in 

« Ludwig and Becher, Zeitschr. f. rat. Med., 1851, N. F. i, p. 278. Cf. also 
Heidenhain, Hermann's Handbuch der Physiologie, ▼, pp. 47-49. 
t Heidenhain, Archir fiir die ges. Physiol., 1878, xvii, p. 4 and 0. 
X Werther, Arcliir f. d. ges. Physiol., 1886, xxxviii, p. 293. 
§ Langley and Fletcher, loc. cit., p. 152. 1| n)id., p. 1S2. 
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every experiment and the results are therefore more or less 
comparable. 

An examination of the data obtained in the manner above 
indicated shows no constant appreciable influence of alcohol 
or alcoholic fluids upon the rate of secretion of submaxillary 
(or sublingual) saliva under the influence of a constant 
external stimulus. Even large doses of alcohol, sufficient to 
produce prolonged narcosis, fail to check the salivary flow, 
a result in striking contrast to the effects which morphine 
may bring about when used in moderately large doses. We 
have not infrequently observed, in other experiments, an 
entire absence of salivary flow even with very strong stimuli, 
when morphine was unintentionally given in doses larger than 
were necessary to produce a mild narcosis. On the other 
hand, there is likewise an absence of any stimulating action on 
the glands, in our experiments ; at least the slight variations 
in the rate of flow after alcohol is administered are no greater 
than those brought about by water alone (cf. third protocol 
above). On the total solids likewise, the presence of alcohol 
seems to exercise no noticeable influence. There is a tendency 
toward decrease in amount as the experunents progress ; this 
decrease, however, is entirely confined to the organic consti- 
tuents of the saliva, the salts remaining comparatively constant 
in amount, as can be seen in the protocols above. The 
decrease in organic substances is in no way to be attributed 
to alcohol, since it may be obtained with water alone (cf. 
protocol third), or in the course of any protracted salivary 
secretion. Nor is this decrease remarkable when it is remem- 
bered that a small gland weighing a few grams has furnished 
50 to 75 grams of saliva in the course of three or four hours. 
The organic constituents of the cells must thus be exhausted 
somewhat more rapidly than the anabolic processes of the 
gland can replace them, while the salts are obtained with 
relative ease from the blood. Any effect upon the secretion 
of inorganic salts such as might result in accordance with 
Langley's law (cf . p. 88) was not observed. A large number 
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of determinatioiis of the alkalinity of the saliva (towards 
lacmoid) likewise f aQed to show any constant relations* It is 
interesting in this connection to note that the submaxillary 
sahva of the dog was always found alkaline to phenol- 
phthalein, litmus, lacmoid, and methylorange. Mixed human 
saliva, like the bUe of a number of animals, is almost always 
acid toward phenolphthal^.* 

Gastric Secretion. 

It has already been pointed out that in an accurate and 
complete study of the influence of alcohol and alcoholic drinks 
upon gastric digestion, no single line of experimentation can 
lead to full and concise results covering the whole ground of 
inquiry. It was therefore deemed advisable, for experimental 
purposes, to study the subject under several distinct heads, 
as (1) the influence of alcohol and alcoholic drinks upon 
the process of secretion; (2) upon the processes of absorp- 
tion ; (3) upon the motor functions of the alimentary canal ; 
and (4) upon the purely chemical processes of gastric diges- 
tion. The last phase has already been considered at some 
length.t 

The older announcements regarding the influence of alcohol 
are summarized in the statement that it is a strong stimulant 
of gastric secretion, and alcohol is recommended as a means 
of obtaining gastric juice from fistulse in animals.^ Larger 
doses are regarded as detrimental to the stomach, giving rise 
to transudation of alkaline fluid, — a process evidently path- 
ological.§ Gluzinski || found in experiments on man with 
brandy and dilute alcohol that these liquors gave rise, after 

* Chittenden, The Reactions of some Animal Fluids. Science, N. S., r, 
p. 902, 

t Chittenden and Mendel, loc. cit 

X Cf. Frerichs, Wagner's Handworterbuch der Physiologic, 1846, iii (1), p. 
788; Kfthne, Lehrbuch, pp. 28, 30; Heidenhain, Hermann's Handbuch der 
Phjsiologie, y, p. 115. 

§ Cf . Heidenhain, loc. cit ; Lander Brunton, Disorders of digestion, 1886^ 
p. 144. 

II Olttzinsld, Deutsches Archly f. klin. Med., 1886, xxxix, p. 406. See 
Jahresbericht fiir Thierchemie, 1886, zyi, p. 263. 
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a brief preliminary period, to the formation of a very active 
secretion rich in hydrochloric acid. 

Likewise Wolff * states that cognac in small dose increases 
the secretion of hydrochloric acid, while in larger quantity it 
decreases the acidity of the gastric juice and retards peptone 
formation. The stomach fails to respond in a positive way, 
however, after the continued use of alcohoL While Klem- 
pererf failed to note more than a very slight increase in 
secretion resulting from moderate doses of alcohol, Blumenau % 
observed that 25-50 per cent alcohol introduced into the 
healthy human stomach acts as a secretory stimulant, bringing 
about an increased flow of gastric juice with rise of acidity 
after a period of 2-8 hours. More recently Brandl§ has 
found in experiments on fistulous dogs that alcohol — as 
contrasted with water introduced with food stuffs into the 
stomach — brings about an unfailing, though not particularly 
large, increase in gastric secretion. With repeated and in- 
creasing doses of alcohol, Haan|| has further observed an 
augmentation of acidity in the dog, followed by a diminution 
in the amount of secretion and a gradual decline in acidity 
after several doses. 

In our first series of experiments on gastric secretion, 
attention was directed to the volume and acidity resulting 
from the introduction of alcoholic fluids into the stomach, 
independently of any stimulating action due to food simul- 
taneously introduced. Dogs in fasting condition were em- 
ployed in every instance, and morphine sulphate (introduced 
subcutaneously) followed by chloroform-ether was used pre- 
paratory to operative interference. The method consisted in 
ligating the duodenum just beyond the pylorus and then 

♦ Wolff, Zeitschr. f. klin. Med., 1889, xri, p. 222; Jahregbericht f. Thier- 
chemie, 1889, xiz, p. 266. 

t Klemperer, Zeitschr. f. klin. Med., 1890, xyii, Supp., p. 324; Centralbl. f. 
med. Wiasen., 1891, p. 761. 

X Blumenau, Therapeutische Monatsbef te, 1890, y, p. 604 ; Jahresbericht 1 
Thierchemie, 1891, xxi, p. 212. 

§ Brandl, Zeitschr. f . Biologic, 1892, xxix, p. 804. 

li Haan, Comptes rendus de la soci^t^ de biologie, 1895, ii, p. 817. 
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introducing a definite volume of the fluid to be examined 
into the empty stomach in the manner already indicated in 
previous experiments. In several cases, dogs with gastric 
fistute were employed. The abdomen was quickly sewed up 
after this operation, chloroform-ether stopped, and the animal 
allowed entire freedom of movement. The liquid employed 
was ordinarily warmed gently to avoid the asserted stimiQat- 
ing action of cold fluids on the gastric mucosa.* Ligations of 
the oesophagus and oesophageal fistulse were avoided, since a 
somewhat extended experience with gastric fistula dogs, as 
well as the experiments about to be described, have convinced 
us, in agreement with Heidenhain's observations,! that under 
ordinary circumstances, t. e., in the absence of unusual stimuli 
(and with slightly narcotized animals) the amount of saliva 
secreted is small at most, and fails to induce any pronounced 
secretion in the stomach.^ Further, we have found that 
an imusual flow of saliva is at once readily detected by the 
physical character of the stomach contents, e. g.^ frothing, etc. 
Furthermore, the conditions of our experiments were intended 
to approach those normally obtaining in the body as nearly 
as possible ; and finally, a sufficient number of control experi- 
ments in which water was introduced into the stomach, have 
left no doubt as to the validity of the method. At the end 
of three to four hours — a period shown by our experiments 
to cover the digestion time of a test meal for the dog — the 
animal was bled to death, the oesophagus ligated at the lower 
end, the stomach removed from the body, wiped free from 
blood, and the contents discharged into a graduated vessel. 
In the fluid thus obtained, total acidity, free and combined 
HCl, and acid reacting salts were determined by the method 
of Topfer;§ alcohol was estimated, when present, in the 
distillate from a definite portion of the gastric contents, by 
the pycnometer method; total solids were determined by 

« Cf . Kflhne, Lehrbuch der physiol. Chemie, p. 28. 
t Hermann's Handbuch, y, p. 112. 
X Compare also the experiment described on page 76. 
§ Topfer. Zeitschr. f. physiol. Chemie, 1894, xix, p. 104. 
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drying a weighed quantity of fluid in a tared crucible at 
100-105^ C. Protocols foUow: — 

A. Control IbcperimentB with Water : ^ 

L SI T, 1897. Dog, with gastric fistula, weU liealed. Weight 21 kilos. 
Fluid remoyed completely through fistula. 

Introduced 200 c. c. distilled water at 10.60 a. m. 
Contents remoyed at 1.55 p. m. = 8^ hrs. 

Volume of fiuid recoyered from stomach = 100 c.c. = 80 per cent of 
original yolume. 

Analysis of the contents gaye : 

Total acidity 0.208 per cent* 

FreeHCl 0.192 

Loosely combined HCl . . . 0.002 

Salts 0.009 

Total solids 0.624 

n. 28 yi, 1897. Dog, with gastric fistula, well healed. Weight 26 kilos. 
Fluid remoyed completely through fistula. 

Introduced 185 c. c. distilled water at 11 jl. m. 
Contents remoyed at 1.45 p. m. = 2} hrs. 

Volume of fiuid recoyered from stomach = 110 c. c. = 81 per cent of 
original yolume. 

Analysis of the contents gaye : 

Total acidity 0.274 per cent 

Free Ha 0.241 

Loosely combined HCl . . . 0.018 

Salt« 0.015 

Total solids 0.77 

IIL 24 y, 1897. Dog. Weight 7.7 kilos. 

Introduced 125 c. c. distilled water at 10 a. m. 
Contents remoyed at 1.50 p h. = 8} hours. 
Volume of fiuid recoyered from stomach = 114 c. c. = 91 per cent of 
original yolume. 

Analysis of the contents gaye : 

Total acidity 0.094 per cent 

FreeHCl 0.065 

Loosely combined HCl . . 0.004 

Salts 0.025 

Totol solids 0.47 

* Expressed as HCl in all the experiments. 
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IV« 29 T, 1807. Dog. Weight 14.6 kUos. 

Introduced 200 c. c. distilled water at 9.90 a. m. 
Contents removed at 1.16 p. m. = 3} hn. 
Yolame of fluid recovered from stomach = 206 c. c. = 103 per cent 
of original volume.* 

Analysis of the contents gave : 

Total acidity 0.047 per cent 

FreeHCl 0.040 

Loosely combined HCi . . 0.004 

Salts 0.003 

Total solids 0.60 

V. 2 yi, 1897. Dog. Weight 10.6 kUos. 

Introduced 126 c. c. carbonated water at 9 a. m. 
Contents removed at 12.46 p. m. = 3} hrs. 
Volume of fluid recovered from stomach = 126 c. c. = 100 per cent 
of original volume. 

Analysis of the contents gave : 

Total acidity 0.191 percent 

FreeHCl 0.162 

Loosely combined HCI . . 0.014 

Salts 0.026 

Total solids 0.66 

In this experiment the COj was completely absorbed. 

VI. lvii,1897. Dog. Weight 10 kilos. 

Introduced 76 c. c. of 2 per cent dextrose solution at 9.10 a. m . 
Contents removed at 12.40 p. m. = 8^ hrs. 

Volume of fluid recovered from stomach = 68 c. c. = 90 per cent of 
original volume. 

Analysis of the contents gave : 

Total acidity 0.072 per cent 

FreeHCl 0.047 

Loosely combined HCI . . 0.007 

Salts 0.018 

B. Bxperiments with strong Bthyl Alcohol : — 
Vn. 17 T, 1897. Dog. Weight 28 kilos. 

Introduced 200 c. c. of 87 per cent alcohol at 10.46 a. m . 
Contents removed at 2.16 p. m. = 3} hrs. 
Volume of fluid recovered from stomach = 407 c. c. = 203 per cent 
of original volume. 

* A small quantity of saliva doubtless found its way into the stomach, as 
the dog salivated somewhat at the beginning of the operation and the stomach 
contents had a frothy appearance. 
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Analysis of the contents gare : 

Total acidity 0.164 per cent 

FreeHCl 0.112 

Loosely combined HCl . . 0.043 

Salts 0.009 

Vm. 81 V, 1897. Dog. Weight 21 kilos. Gastric flstnU well healed. 
Contrast experiment with water and alcohol. 

a. The first part of this experiment has been described under L p. 88. 
0. After discharge of preylous stomach contents completely through 
fistula, 200 c. c. 37} per cent alcohol were introduced into the 
stomach through fistula at 1.65 p. m. 
Contents removed at 5 p. m. = 8^ hrs. 
Volume of fluid recovered from stomach = 460 c. c =: 230 per oent 
of original volume.* 

Analysis of the contents gave : 

Total acidity 0.220 per cent 

FreeHCl 0.164 

Loosely combined HCl . . 0.011 

Salts 0045 

Total solids 0.987 

C. BzperimentB with weak (5 per cent) Ethyl Aloohol: — 

IX. 24 vi, 1897. Bitch. Weight 8 kilos. 

Introduced 100 c. c. 5 per cent alcohol at 10.45 ▲. m. 
Contents removed at 2 p. m. = 3^ hrs. 
Volume of fluid recovered from stomach = 110 c. c. = 110 per oent of 
original volume. 

Analysis of the stomach contents gave : 

Total acidity 0.119 per cent 

FreeHCl 0.086 

Loosely combined HCl . . 0.011 

Salts 0.022 

Total solids 0.69 

X. 8vi, 1897. Bitch. Weight 7.3 kilos. 

Introduced 110 c. c. 4.8 per cent alcohol at 9 a. m. 
Contents removed at 12.45 p. m. = 3j hrs. 
Volume of fluid recovered from stomach = 135 c. c. = 123 per cent of 
original volume. 

Analysis of the stomach contents gave : 

Total acidity 0.202 per cent 

FreeHCl 0.148 

Loosely combined HCl . . 0.021 
Salts 0.038 

* A pos^mortem examination showed that the stomach contents could be 
completely discharged through the fistula by the method adopted. 
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The results of the foregoing experiments, expressed in 
percentages, are combined in the following table. 



A. With Water. 1 




Volnme of 

Fluid at 

eikdof 

Experiiii«nl 


Tbtal 
Addity. 


LooflfOy 

combined 
HCl. 


Frae 
HCL 


Balta. 


Total 
BoUdB. 


I 

II 

III 

IV 

V 

VI 


80 
81 
91 
103 
100 
90 


0.208 
0.274 
0.094 
0.047 
0.191 
0.072 


0.002 
0.018 
0.004 
0.004 
0.014 
0.007 


0.192 
0.241 
0.066 
0.040 
0.162 
0.047 


0.009 
0.016 
0.026 
0.008 
0.026 
0.018 


0.62 
0.77 
0.47 
0.60 
0.66 


Average. 


90.8 


0.147 


0.008 


0.128 


0.016 


0.68 


B. With Stbono Alcohol. 


VII 
VIII 


203 
280 


0.164 
0.220 


0.043 
0.011 


0.112 
0.164 


0.009 
0.046 


0.99 


Average. 


216.6 


0.192 


0.027 


0.188 


0.026 


0.99 


C. With Weak Alcohol. 1 


IX 
X 


110 
128 


0.119 
0.202 


0.011 
0.021 

0.016 


0.086 
0.148 


0.022 
0.038 


0.69 


Average. 


116.6 


0.100 


0.117 


0.027 


0.69 



A glance at the data presented leaves little doubt as to the 
pronounced stimulating action of pure ethyl alcohol upon 
gastric secretion, even with solutions of only five per cent 
strength. The effect is not merely one characterized by the 
discharge of water into the stomach cavity, but gives evidence 
of a true secretory process. Thus, the volume of fluid found 
after introduction of water into the stomach is not increased, 
there being rather a tendency in the opposite direction. 
Edkins,* v. Mering,t and others have shown that the absorp- 
tion of water from the stomach is practically m7, while the 

• Edkins, Journal of physiology, 1892, xiii, p. 446. 

t V. Mering, Verbandlungen des XII. Congresses 1 innere Medicin, Wies- 
baden, 1893 ; Therapeutische Monatshef te, 1893, yii, p. 201. 
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absorption of alcohol goes on quite rapidly. In our own 
experiments, the alcohol used had entirely disappeared from 
the stomach in the course of the experiments ; the question 
of absorption will, however, be referred to in another connec- 
tion. With five per cent alcohol the increase in the volume 
of the gastric contents is noticeable, becoming very pronounced 
with the stronger percentages of alcohol. The increase in 
total solids gives confirmation of stimulated secretion, as does 
also the increase in acidity. It must be remembered, further, 
that the increase in acidity shown by the figures is a relative 
one; expressed absolutely in grams, the total acid secreted 
is obviously increased in fer greater degree than the per- 
centage figures indicate. The specific action of alcohol is 
strikingly shown in Experiment VIII, in which the conditions 
permitted of comparative experiments with water and alcohol 
on the same animal, with the following results : — 

COMPARISON OF THE TWO EXPERIMENTS (YTlLa,$), 



into StomAoh. 


fluid reooT- 
eredfrom 

Btomaohaftar 
8 Boon. 


BelA- 

tiT« 

Volume. 


Total 
Addity. 


Free 
HCL 


Looaely 
com- 
bined 
HCL 


Biate. 


Total 
BoUda. 


200 c. c. water. 
200 c. c. alcohol) 
(37} per cent.) J 


CO. 

100 
460 


percent. 

80 

280 


0.208 
0.220 


0.192 
0.164 


0.002 
0.011 


0.000 
0.045 


0.624 
0.067 



A comparison of the proteolytic activity of the two secre- 
tions by Grlitzner's carmine-fibrin method showed a decidedly 
greater digestive power in the case of the "water " secretion. 
Much stress cannot be placed, however, on a single experi- 
ment. The gastric fluids obtained in the experiments with 
alcohol possessed strong proteolytic properties in every case 
examined. 

In view of this pronounced action of alcohol on gastric 
secretion it seemed desirable to ascertain something more 
definite regarding the way in which this process is provoked. 
The control experiments with v^ater gave evidence that the 
mere contact of the fluid with the stomach mucosa could not 
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be the cause of gastric stimulation. It will be remembered 
that even vigorous mechanical stimulation or irritation ordi- 
narily &ils to yield more than a few grams of secretion* — an 
observation in decided contrast to the phenomena of gastric 
flow during the presence of digestible materials in the 
stomach. The following experiments throw light on the 
question raised: — 

XI. 25 y, 1S97. Dog. Weight 23 kilos. The intestine was ligatured just 

beyond the pylorus. Another ligature was applied below the point 
of entrance of the duct of Wirsung. 20 c. c. of 60 per cent alcohol 
were injected into the lumen of the intestine between these liga- 
tures, while 105 c. c. of 00 per cent alcohol were introduced into the 
intestine beyond the second ligature. Then 

Introduced 200 c. c. veaier into stomach at 10.45 ▲. m. 
Contents removed at 2.30 p. m. = 3f lirs. 
Volume of fluid recovered from stomach = 260 c. c. = 130 per cent 
of original volume. 

Analysis of stomach contents gave : 

Total acidity 0.241 per cent. 

FreeHCl 0.213 

Loosely combined HCl . . 0.002 
Salts 0.026 

XII. 28 V, 1897. Bitch. Weight 28 kilos. Intestine ligatured just be- 

yond the pylorus. Another ligature was applied below the point 
of entrance of the duct of Wirsung. 125 c. c. of 60 per cent 
alcohol were injected into the lumen of the intestine below the 
second ligature,t then 

Introduced 200 c. c. waier into stomach at 11 ▲. m. 
Contents removed at 2.45 p. m. = 3f hours. 
Volume of fluid recovered from stomach = 375 c. c. = 187.5 per 
Oent of original volume. 

Analysis of stomach contents gave : 

Total acidity 0.383 per cent 

FreeHCl 0.306 

Loosely combined HCl . . 0.004 

Salts 0.023 

Total soUds 0.30 

* Cf. Tiedemann and Gmelin, Die Verdauung nach Versuchen, 1831, p. 92 ; 
Schiff : Lepons sur la physiologie de la digestion, ii, p. 244. 

t The return of alcoholic fluid into the stomach was thus absolutely 
prevented. 
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SUMMARY OF RESULTS OF EXPERIMENTS. 



Ho. 


BelaUTeYolnmaof 

Fluid at End of 

experiment. 


Total 
Acidity. 


Looeely 

oombined 

HCL 


Free 
HCL 


BUta. 


TfAaX 
Solida. 


XI 
XII 


180.0 
187.6 


0.241 
0.383 


0.002 
0.004 


0.213 
0.806 


0.026 
0.028 


0.80 


Average. 


168.6 


0.287 


0.003 


0.269 


0.024 


0.30 



From these data it seems clear that a stimulation of the gas- 
tric glands may take place, independently of any direct gastric 
irritation, in consequence of the influence of alcohol absorbed 
from the intestine. The volume of the fluid in the stomach 
increased relatively far more than when five per cent alcohol 
was introduced directly into the stomach (cf. Experiments 
IX, X, p. 90). The composition of the fluid (high acidity, 
free HCl, total solids) likewise gives evidence of active secre- 
tion, while the fluid was found to be strongly proteolytic. 
The absorption of the alcohol was complete in these experi- 
ments ; and when it is remembered how quickly alcohol is 
distributed and disappears in the body, the actual amount 
reaching the gastric glands must have been relatively small, or 
at least must have acted during a brief period only. It seems 
probable, therefore, that there occurs here an indirect stimu- 
lation quite comparable to that resulting after absorption of 
peptone from the alimentary tract, and it is interesting to note 
by way of comparison that Khigine,* in his experiments upon 
the isolated fundus of the dog, found that the acidity of the 
secretion after absorption of digestion products runs parallel to 
a certain degree with the increase in volume. Whether the 
absorbed alcohol acts directly upon elements of the gastric 
mucosa (Heidenhain's " secondary secretion " ), or becomes a 
stimulus to specific secretory nerve fibres (Khigine), we are 
unable at present to decide. f 

* Khigine: Archiyes des sciences biologiqnes, St. P^tersbourg, 1896, iii, 
p. 461. 

t Cf. Howell: American Text-book of Physiology, 1806, p. 182. 
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In connection with this " secondary " secretion of gastric 
juice due to the presence of alcohol in the small intestine, it is 
to be noted that Macf adyen, Nencki, and Sieber * found among 
the bacteria normally present in this portion of the alimentary 
canal species which give rise to a production of ethyl alcohol 
from carbohydrates ingested. 

D. Bxperiments with Alooholio Beverages It might natu- 
rally be assumed that the action of the various alcoholic bever- 
ages on gastric secretion would be similar, qualitatively, to 
that of their common constituent ethyl alcohol. Previous 
investigation, however, has shown that the influence of these 
liquors on the purely chemical processes of digestion is not 
necessarily proportionate to their content of alcohol, t hence it 
seemed desirable to study the effect of a number of typical 
liquors on secretion, by the method of the previous experi- 
ments. This we have done with the following results : — 

Xin. 21 vi. 1897. Dog. Weight, 10.7 kilos. 

Introduced 60 c.c. sherry + 25 c.c. water (14 per cent alcohol) at 

10.20 a.m. 
Contents remoyed at 2.15 p. m. = 8^} hn. 

Yolnme of fluid recoyered from stomach = 160 c.c. = 213 per cent 
original yolume. 

Analysis of stomach contents gaye : 

Total acidity 0.367 per cent 

FreeHCl 0.300 

Loosely combined HCl . . 0.020 

Salts 0.047 

Total solids 1.72 

XIV. 2vi, 1807. Dog. Weight, 18.5 kilos. 

Introduced 50 c.c. vrhisky + 100 c.c. v}ater (16 per cent alcohol) 

at 11.15 a.m. 
Contents remoyed at 3 p. m. = 3| hrs. 

Volume of fluid recoyered from stomach = 320 cc. = 213 per cent 
original yolume. 

* Macfadyen, Nencki, and Sieber : Archly f . experimenteUe Pathologic und 
Pharmakologie, 1891, xxviii, p. 311. 
t Chittenden and Mendel; loccit 
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Analysis of stomach contents gave : 

Total acidity 0.882 per cent 

FreeHCl 0.846 

Loosely combined HCl . . 0.011 

Salts 0.026 

Total solids 0.42 

XV. 3vi, 1807. Bitch. Weight, 8 kUos. 

Introduced 125 c.c. Hoohheimer (13^ per cent alcohol) at 

10 ▲. M. 
Contents removed at 1.45 p. m. = 3} hrs. 

Volume of fluid recovered from stomach = 140 c.c. = 112 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.280 per cent 

FreeHCl 0.166 

Loosely combined HCl . . 0.088 
Salts 0.027 

XVI. 28 vi, 1807. Dog. Weight, 25 kUos. Gastric fistula well healed. 

Contrast experiment with water and wine. 
a. The first part of this experiment has been described under II, p. 88. 
0, After complete discharge of previous stomach contents through the 
fistula, 186 c.c. white wine were introduced into stomach through 
fistula at 1.45 p. m. 

Contents removed at 4.80 p. m . = 2| hrs. 
Volume of fluid recovered from stomach = 170 c.c. = 126 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.425 per cent 

FreeHCl 0.842 

Loosely combined HCl . . 0.018 

Salto 0.066 

Total solids 1.79 

XVII. 28 vi. 1897. Dog. Weight, 12.8 kilos. 

Introduced 125 c.c. olaret (5.15 per cent alcohol) at 9.80 a. m. 
Contents removed at 1.80 p. m. = 4 hrs. 
Volume of fluid recovered from stomach = 225 c.a = 180 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.878 per cent 

FreeHCl 0.824 

Loosely combined HCl . . 0.026 

Salts 0.024 

Total solids 1.90 
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XVin. 18 vi, 1897. Bitch. Weight, 10^ kUos. 

Xntrodnced 100 c.c. lager bear (4 to 6 per cent alcohol) at 

lO^A.M. 

Contents removed at 2.15 p. m. = 8^ hn. 

Volume of fluid recoTered from stomach = 110 cc. =: HO per cent 
original Tolume. 

Analysis of stomach contents gave : 

Total acidity 0.367 per cent 

FreeHCl 0.241 

Loosely combhied HCl . . 0.064 

Salts 0.062 

Total soUds 9.26 

XIX. 23 Yi, 1897. Dog. Weight, 10 kilos. 

Introduced 100 cc lager beer (4.6 per cent alcohol) at 10.10 ▲. m. 
Contents removed at 2 p. x. = 3) hrs. 

Volume of fluid recovered from stomach » 126 cc. = 125 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.241 per cent 

FreeHCl 0.169 

Loosely combined HCl . . 0.032 

Salts 0.040 

Total solids 5.61 

XX. 14 vi, 1897. Dog. Weight, 14 kilos. 

Litroduced 160 cc. porter (8.76 per cent alcohol) at 9.46 ▲. n . 
Contents removed at 1.30 p. n . = 3} hrs. 

Volume of fluid recovered from stomach = 196 cc = 127 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.371 per cent 

Free Ha 0.320 

Loosely combined HCl . . 0.036 

Salts 0.016 

Total solids 2.19 

XXL 7vi, 1897. Bitch. Weight, 8.6 kilos. 

Introduced 126 cc lager beer (4.7 per cent alcohol) at 10.16 ▲. x. 
Contents removed at 2.10 p. x. = 8^ hrs. 

Volume of fluid recovered from stomach = 286 cc = 228 per cent 
original volume. 

7 
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Analysis of stomach contents gave : 

Total acidity 0.378 per cent 

FreeHCl 0.808 

Loosely combined HCl . . 0.016 

Salts 0.064 

Total solids 2.88 . 

XXn. 14 vi, 1897. Dog. Weight, 8.2 kilos. 

Introduced 150 c.c. porter resldae * at 11.80 a. m. 
Contents remoTed at 8.15 p. m . = 8} hrs. 

Volume of fluid recoTered from stomach = 185 c.c. = 90 per cent 
original yolume. 

Analysis of stomach contents gaye : 

Total acidity 0.852 per cent 

FreeHCl 0.280 

Loosely combined HCl . . 0.014 

Salto 0.058 

Total solids 2.29 

VITTTT 9yi,1897. Dog. Weight, 10 kilos. 

Introduced 180 c.c. lager beer residue t at 10.80 ▲. m. 
Contents removed at 2.80 p. m. = 4 hrs. 

Volume of fluid recorered from stomach = 176 c.c. = 134 per cent 
original volume. 

Analysis of stomach contents gave : 

Total acidity 0.846 per cent 

FreeHCl 0.270 

Loosely combined HCl . . 0.088 

Salts 0.088 

Total solids 6.80 

For the sake of comparison these data are contrasted in the 
following table (see p. 99). 

These results afford tangible evidence of the stimulating 
action of the liquors examined, as. shown in the increased 
volume of gastric contents, accompanied by increase in acidity. 
That alcohol is an important factor in the production of these 
phenomena seems certain. Contrast, for example. Experiment 
XX with XXII, which differs only in the absence of the 

* The residue left on eyaporation of 150 c.c. porter, dissolyed in 160 c.c. 
distilled water. 

t Residue from eyaporation of 180 c.c. beer, dissolyed in ISO c.c. water. 
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BaUtlT« 
Tolnmeof 


Tbtel 


L00MI7 

oombbiad 

HCL 


F^ 


Bidta. 


TMid 




fluid at end of 


aoldity. 


HCL 


■oUds. 




ezpeiiment. 










XIV. Whitkj+HaO 


218 


0.882 


0.011 


0.346 


0.026 


0.42 


(16% alcohol) 














Xlli. Sherry +H0O 

(13% alcohol) 
XV. White wine . 


218 


0.867 


0.020 


0.800 


0.047 


1.72 














112 


0.230 


0.038 


0.166 


0.027 


. . . 


(13% alcohol) 














XVI. White wine . 


126 


0.426 


0.018 


0.342 


0.066 


1.79 


(18% alcohol) 














XVIL Claret . . . 


180 


0.373 


0.026 


0.824 


0.024 


1.00 


(10% alcohol) 














XVin. Beer . . . 


110 


0.867 


0.064 


0.241 


0.062 


9.26 


(4.7% alcohol) 














XIX. Beer . . . 


126 


0.241 


0.082 


0.169 


0.040 


6.61 


(4% alcohol) 














XXI. Beer . . . 


228 


0.378 


0.016 


0.806 


0.064 


2.88 


(4.7% alcohol) 














XXm. Betidue of Beer 


134 


0.346 


0.038 


0.270 


a038 


6.80 


(like XXI.) 














XX Porter . . . 


127 


0.371 


0.036 


0.820 


0.016 


2.19 


(6.3% alcohol) 














XXIL Residue of porte 
(like XX) 


r 00 


0.362 


0.014 


0.280 


0.068 


2.29 















alcohol. But the wines and malted beverages contain a variety 
of other constituents such as organic acids,* which perhaps 
contribute to increase the stimulating effect, and are doubt- 
less partly responsible in a number of experiments for the 
high acidity observed. The contrast between the action of 
water and wine is strikingly shown in Experiments XVI, a 
and ^, carried out on the same animal. 

COMPARISON OF THE TWO EXPERIMENTS (XVI, a, /B). 



fhdd introdiioed 
into ftoniMb. 


Fluid ranoTod 
from stomaoh 
after 3 boon. 


BeUtlT« 
▼olmne. 


Total 
acidity. 


Free 
HCL 


Loosely 

combined 

HCL 


Balta. 


Total 
aoUda. 


136 c.c. water 

186c.c.white ) 
wine ( 


110 C.C. 
170 OC. 


pvomt 
81 

126 


0.274 
0.426 


0.241 
0.342 


0.018 
0.018 


0.016 
0.066 


0.77 
1.79 



• Of. Chittenden and Mendel : loc. dt, pp. 66, 80. 
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The marked increase in total solids in many of these experi- 
ments, however, is not to be attributed, as it is in the case of 
pure alcohol, entirely to the increased secretion ; it is rather 
in part accounted for by the unabsorbed constituents of the 
liquor employed. The following table, compiled from analyses 
at hand, shows that a large portion of the total solids in the 
gastric juices obtained may be derived from other sources than 
the secretion itself : 

TABLE SHOWING TOTAL SOLIDS OF GASTRIC CONTENTS. 



into ■fawn^i^h. 


TbtelioUdB 
into atomaoh. 


Total loUdB in gMtrie 

contents at end of 

experiment. 


IL Water . . . 

IX. Weak alcohol 

VIIL Strong alcohol 

XIV. Whisky . . 

XVL White wine . 

XVIL Claret . . . 

XIII. Sheriy . . . 

XVIII. Beer ... . 

XXIIL Beerresidae . 

XX. Porter . . . 

XXTL Porter residue 


grm. 




0.16 
2.8 
8.9 
2.35 
7.0 
0.1 
6.6 
6.6 


grm. 

0.84 
0.69 
4.60 
1.34 
2.41 
4.28 
2.78 
10.00 
11.66 
4.16 

aio 



E. Character of the Oaatrlc Juice obtained by Stinmlatioii 
with AlcohoL — The gastric juice obtained as a result of the 
stimulating influence of alcohol and alcoholic liquors resembles 
that ordinarily procured from gastric fistulae in its physical 
characters ; it is a thin^ colorless, or very faintly yellow fluid 
containing occasional flocks of mucus in suspension. There 
was no evidence of irritation or hypersemia of the mucosa, and 
all traces of blood were absent. After the doses used, the 
gastric lining was of a pale or faintly pink color when removed 
after bleeding the animal. When colored alcoholic liquors 
were employed, the gastric contents retained the character- 
istic coloring matter, the latter not being absorbed, while 
the alcohol entirely disappeared. In chemical composition, 
the gastric juice appeared somewhat more acid than that 
ordinarily secreted. It likewise contained a larger amount of 
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solid matter, and in harmony with this fact the proportion of 
combined hydrochloric acid was increased, which in turn 
suggests the presence of a somewhat larger amount of proteid 
or other like matter. The fluids were repeatedly tested with 
boiled fibrin for proteolytic action, and this was always found 
vigorous. In the experiments in which alcohol was introduced 
directly into the intestine (Experiments XI, XII, p, 93), the 
intestinal lining was not abnormal in appearance, the reaction 
being alkaline to litmus in the upper duodeniun and neutral or 
faintly alkaline further along the alimentary canal. This 
corresponds with the observations on the normal reaction of 
the intestinal contents of the dog, by Moore and Rockwood,* 
whose statements we have repeatedly verified. 

Gastric Digestion. 

Since chemical, mechanical, and physiological processes go 
on side by side during digestion, we have carried out a series 
of experiments to determine in what way and to what extent 
the fectors already investigated combine or cooperate under the 
influence of alcohol and alcoholic liquors. Our method has 
included the examination of the stomach contents after test 
meals were given. The statements current in the literature 
on this subject are by no means concordant. 

In experiments on a woman having a gastric fistula Kretschy f 
observed that alcohol retarded digestion. Buchner % found that 
in the human stomach alcohol, wine, and beer all retarded 
digestion, though not so markedly as in artificial digestion. 
Bikfalvi,§ in observations on dogs, obtained a retardation of 
digestion with even small quantities of alcohol. Beer and 
wine showed no favorable influence, the latter even retarding 
digestion when given in large quantities. Og^ta || states that 

* Moore and Rockwood : Journal of Physiology, 1897, xxi, p. 373. 

t Kretschy : Deutsches Arch, f . klin. Med., zyiii, p. 627 ; Jahresbericht f . 
Thlerchemie, 1876, tI, p. 178. 

X Buchner : Deutsches Arch, f . klin. Med., xziz, p. 637 ; Jahresbericht f . 
Thierchemie, 1881, xi, p. 286. 

§ Bikf alyi : Jahresbericht f . Thierchemie, 1886, xv, p. 273. 

II Ogita : Jahresbericht f . Thierchemie, 1886, xv, p. 274 ; Arch. f. Hygiene, 
1886, ill, p. 204. 
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beer, wine, and brandy retard gastric digestion noticeably. 
Schelhaas observed * that in the living stomach wine did not 
retard digestion so long as there was free HCl present ; patho- 
logical conditions (carcinoma ventriculi) formed the only ex- 
ceptions. In an extensive series of experiments, Gluzinski f 
distinguishes two phases occurring during digestion in the 
stomach in the presence of alcohol, (1) a retardation of pro- 
teid digestion, and (2) secretion of a very active, strongly acid 
gastric juice. Henczinski % found no bad effect on digestion 
following the use of beer. Blumenau § states that 25-60 per 
cent alcohol introduced into the healthy stomach induces a de- 
crease in digestive action during the first two or three hours. 
Wolffhardt,|| experimenting on a healthy man, concluded that 
15-20 grams of absolute alcohol interfere with proteid diges- 
tion, while the effect of cognac varies with the period of diges- 
tion during which it is taken ; he found that wines tend to 
promote digestion. 

With reference to the motor functions of the stomach Lauder 
Brunton states that alcohol taken into this organ increases its 
movements as well as its secretory activity, and by mixing its 
contents more thoroughly with the gastric juice accelerates 
digestion.^ Likewise Klemperer ** states as a result of his 
experiments that the motor functions are decidedly increased, 
as measured by the oil method, while Haan ft ^^ Daore recently 
advanced similar conclusions as the result of work by another 

• Schelhaaa : Deutsches Arch. f. klin. Med., xxxri, p. 427; Jahresbericht 
f. Thierchemie, 1885, xv, p. 271. 

t Gl uzinski ; Deutsches Arch, f . klin. Med., 1886, xxzix, p. 406 ; Jahresbericht 
f. Thierchemie, 1886, xvi, p. 263. 

X Henczinski: Dissertation, 1886. Quoted by Munk : Die Emahrung, 
p. 827. 

§ Blumenau : Therapeutische Monatshef te, 1890, v, p. 604 ; Jahresbericht 
f. Thierchemie, 1801, xxi, p. 212. 

II Wolff hardt: Miinchn. med. Wochenschr., 1890, xxxvil, p. 608 ; Centralbl. 
f . med. Wissen., 1891, p. 47. 

t Brunton : Disorders of Digestion, 1886, p. 146. 

** Klemperer : Zeitschr. f . klin. Med., 1890, xvii, Supp., p. 824 ; Centralbl. f. 
med. Wissen., 1891, p. 761. 

ft Haan : Comptes rendus de la soci^t^ de biologie, 1806, ii, p. 816. 
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method. Gluzinski,* however, notes that alcohol diminishes 
the mechanical action of the stomach in moderate degree. 

In considering the selection of subjects for experiment in the 
direction indicated, preference has been given to dogs. The 
series of investigations on man above referred to are already ex- 
tensive, and the difficulties of obtaining definite answers to 
specific questions by this method of experimentation are ob- 
vious. It is rarely possible or desirable to carry out a large 
niunber of determinations on any single individual, while it is 
likewise practically impossible to control the physiological con- 
dition of the individual, i. e., diet, etc., over prolonged periods. 
The animals used in this research were large dogs of 21 and 25 
kilos ; gastric fistulae were made, and a German silver cannula in- 
troduced into the fun- 
dus of the stomach. In 
place of a cork, metal 
stoppers were devised 
to screw into the inner 
camiula tube by means 
of a small metallic key. 

The arrangement is shown in the diagram. The wounds healed 
perfectly, and the animals remained in good health during the 
entire period of investigation, covering several months. Irreg- 
ularities of diet were avoided by feeding definite portions of 
prepared dog biscuit with water ; this food was eagerly eaten, 
and sufficed to keep the dogs in physiological equilibrium. 

The determinations of the acidity of tiie stomach contents 
were carried out according to the method of Topfer.f The 
gastric fluid was occasionally centrif ugalized when food par- 
ticles prevented pipetting off the fluid portion. Where only 
small quantities of fluid were available the titrations with 
phenolphthalein and dimethylamidoazobenzol weie combined 
in the same 6 c.c. of fluid according to the recommendation of 
Einhorn.^ Comparative experiments show that this modifica- 

* Gluzinski : loc. cit. 

t Topfer : Zeitschr. f . phjsiol. Chemie, 1894, idx, p. 104. 

X Einhorn : New York Medical Journal, 1896, May, 9, p. 603. 
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tion gives the same values as the original method. Thus in 
one experiment : — 



Topfer method . . . 
(aeparate titrations) 



Einhorn-Topfer method 
(combined titration) 



IVrtal acidity with 



\ 1.55 cc. ^NaOH 
\ =0.112 per cent Ha. 

i 1.55 cc. ^NaOH 
t = 0.112 per cent HCL 



FneHClwtth 



1 



i 1.0 cc. ^NaOH 
I =0.072 per cent HCL 

1.0 cc ^NaOH 
= 0.072 per cent HCL 



Our experience with TOpfer's method (or Einhom's modi- 
fication) leads us to agree with P. HUn * that in the absence 
of free HCL, L e.^ when no reaction is obtained with the di- 
methylamidoazobenzol reagent, the quantitative determinations 
of HCl by this method cease to be accurate, and under such 
conditions it cannot be employed. The occurrence of such 
conditions, however, is not frequent in the dog; we have 
observed the absence of free HCl (during digestion) in one 
animal under circumstances resembling those of acute gastric 
catarrh, t The food — dog biscuit — was largely undigested 
many hours after the meal, the acidity was high (0.55-0.594 
per cent expressed as HCl), and the gastric contents possessed 
an odor strongly suggesting fatty acids. Lactic acid was 
found present (Uffelmann's test). 

In view of the increased volume of fluid found in the 
stomach when alcohol is introduced into that organ after liga- 
tion of the pylorus, it was of interest to learn what results 
follow under normal conditions of the pylorus. For this pur- 
pose 20 to 25 per cent alcohol, slightly warmed, was intro- 
duced through the gastric cannula, and at the end of 80 
minutes the gastric contents were discharged into a graduated 

• Han, p. : Arch. f. Yerdauungskrankh., ii, pp. 182, 332 ; CentralbL f. 
PhjBiologie, 1S06, z, p. 731. 

t Cf. ▼. Jaksch : KliniBche Diagnostik innerer Krankheiten, 4te Auflage, 
p. 200. 
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vessel. Control experiments were made with distilled water, 
both fluids always being introduced into the empty stomach. 
This condition of the organ is shown by the lack of spon- 
taneous flow when the cannula is opened, as well as by absence 
of free HCl. Flocks of mucus, alkaline to litmus, are usually 
present. The data obtained show no marked agreement, the 
fluid as a rule rapidly disappearing from the stomach. In 17 
experiments with water, the average relative volume recovered 
from the stomach through the cannula at the end of the thirty 
minutes after introduction of quantities from 40-200 c.c. was 
about 30 per cent. Fourteen similar experiments with alco- 
hol gave an average of 45 per cent. It is natural to ascribe the 
relatively greater volumes found in the stomach after the use 
of alcohol to an increased secretion of gastric juice occurring 
along with the rapid expulsion of fluid through the pylorus, 
and not to a retardation of the motor functions ; for current 
statements assume increased motility of the stomach under the 
influence of alcohol,* while the experiments already reported 
justify the explanation given. Much emphasis cannot, how- 
ever, be placed upon the averages given above, since the 
individual results vary widely among themselves, and no con- 
stant corresponding variations in acidity were observed, as in 
the experiments with ligated pylorus. 

In the following series of experiments test meals were given, 
and the influence of alcohol and a considerable nimiber of alco- 
holic beverages contrasted with that of water. Attention was 
directed to (1) variations in acidity and (2) time of diges- 
tion. Fifty grams of finely chopped lean meat were fed to the 
dog in each experiment, the stomach having been previously 
examined and found empty. Meat was chosen for the test 
meal because experience in this laboratory has shown that its 
composition, when it is obtained as described, does not vary 
much from time to time ; and after a trial of mixed food, e.g. 
dog biscuit, it seemed more satisfactory to employ a simple 
diet in which proteid preponderated. Similar recommendation 
is made by v. Jaksch in considering test meals for the human 

• Cf. references, p. 102. 
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subject.* Alcoholic fluids or water were introduced slightly 
warmed f into the stomach through the fistula, since dogs 
usually refuse to take the former by way of the mouth. At 
definite intervals of one-quarter to one-half hour, small quanti- 
ties of gastric contents were permitted to flow out of the 
fistula. Total acidity (expressed as HCl), free and loosely 
combined HCl, were determined by the method already de- 
scribed. The process of digestion in the stomach lasted, under 
the conditions described, about three hours, the average dura- 
tion varying somewhat with the animal.^ There was no very 
gradual diminution of undissolved meat particles noticeable 
until toward the end of this period, when the stomach very 
soon became empty. This corresponds with the observations 
of Kiihne on man and the dog, in experiments with duodenal 
fistul8e.§ This investigator found only a slight disappearance 
of contents from the stomach until near the end of the diges- 
tion period, when the great bulk of material, excepting larger 
pieces of food, was discharged at once through the pylorus. 
Richet arrived at similar conclusions in experiments on man.[| 
We have usually observed a complete emptying of the stomach 
within a period of thirty minutes ; the conclusion of this pro- 
cess is designated in the notes as the ^' end of gastric digestion." 
Protocols of experiments follow. 

ANALYSES OF ALCOHOLIC BEVERAGES USED. 





Alcohol by 
voL 


DrysolldB. 




Alcohol by 

YOL 


Diyeollds. 


Gin ... . 
Whisky . . 
Sherry . . . 
White Wine 


percent. 
51.0 
60.0 
21.76 
13.82 


percent. 
0.29 
0.32 
4.7 
2.6 


Stont. . . . 
Claret . . . 
Porter . . . 
Beer . . . 


percent 
6.2 
6.2 
6.3 
4-6 


percent 
6.4 
8.2 
4.4 
7.0 



♦ V. JakBch : loc. cit., p. 102. t Cf. note 1, p. 87. 

X In experiments on a man, with a similar meal, Jessen found the diges- 
tion time equalled 2 to 8 hours. Zeitschr. f . Biologie, 1883, xiz, p. 140. 
§ Kiihne : Lehrbuch der physiol. Chemie, 1868, p. 63. 
11 Richet : Quoted in Gamgee, Physiological Chemistry, 1803, ii, p. 160. 
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Dog a. — Weight 25 kilos. 

L 0^ ▲. M. 50 grami meat (no water). 

9.55 
10.85 
11.10 
11.45 
12.15 Stomach empty ; end of gastric digestion. 

Time of digestion = 2 hours and 55 minntea. 
IL 0.10 a.m. 50 grams meat + 50 0.0. water. 



Total acidity. 




Free HOL 


0.882 


0.292 


0.104 


0.425 


0.284 


0.148 


0.425 


0.220 


0.180 


0.407 


0.224 


0.176 



-AnalysiB of eontents.- 



Total acidity. Loosely combiiied HGl. Free HOI. 

9.80 0.241 0.144 0.098 

10.00 0.295 0.169 0.108 

10.20 0.867 0.216 0.115 

10.40 0.439 0.288 0.144. 

11.30 Stomach empty ; end of gastric digestion. 

Time of digestion = 2 honrt and 20 minntee. 
m. 9.30 A. M. 50 grams meat + 100 e.e. water. 





Total acidity. 


LooMly combined HCL 


FreeHCl. 


10.00 


0.299 


0.173 


0.090 


10.30 


0.475 


0.230 


0.122 


11.00 


0.518 


0.230 


0.173 


11.15 


0.497 


0.202 


0.241 


11.35 


0.494 


0.191 


0.202 


11.50 


0.479 


0.205 


0.195 


12.10 


0.382 


0.194 


0.187 



12.30 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 honrt. 

IV. 2.10 p. M. 50 grams meat + 150 0.0. water. 





Total acidity. 


Looeely combined HCL 


Free HOL 


2.40 


0.252 


0.137 


0.108 


3.10 


0.874 


0.194 


0.130 


3.40 


0533 


0.245 


0.198 


8.55 


0.547 


0.234 


0.234 


4.10 


0.490 


0.205 


0.216 


4.25 


0.385 


• « • 


0.101 


4.40 


Stomach empty ; 


end of gastric digestion. 






Time of digestion 


= 2 honri and 80 minntea 
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V. 9.06 ▲. M. 60 grams meat + 150 e.e. earbonatod water. 

-Analyiifl iA oontenti 





IMUaoidil^. 


LooMly oomblned HGl. 


FraeHOL 


9.86 


0.263 


0.083 


0.122 


10.06 


0.860 


0.158 


0.140 


10.86 


0.468 


0.194 


0.216 


10.50 


0.486 


a205 


0.216 


11.06 


0.640 


0^234 


0.108 


11.26 


0.580 


0.234 


0.248 



11.26 0.680 0.234 

11.46 Stomach empty ; end of gastric digestion. 

lime of digestion = 2 hours and 40 minntM. 
VI. I'OO p. M. 60 grams meat + 100 e.e. 10 per oent aleohoL 





ToUladdlty. Lo 


LlHMTaW UA UWUWHIia 


FraaHGl. 


2.46 


0.497 


0.209 


0.230 


8.10 


0.464 


0.220 


0.173 


3.30 


0.486 


0.180 


0.202 


3.60 


0.400 


0.162 


0.202 


4.10 


0.263 


• . . 


0.094 



4.80 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 honn and 80 minntea. 

VII. 2.30 p. M . 60 grams meat + 60 e.o. 90 per oent aloohoL 





Total addlty. 


— AnabralB of oontenU.— 
LooMiyoomblnadHCL 


3.00 


0.318 


0.118 


8.30 


0.874 


0.187 


4.00 


0.4S9 


0.194 


4.30 


0.616 


0.206 


6.00 


0.407 


0.144 


6.30 


0.264 


. . . 


6.30 


Stomach nearly en 


mty ; end of gastric 



Free HGL 

0.090 

0.176 

0.151 

0.184 

0.248 

0.166 



Time of digestion = 8 honrt. 
Vin. 12.46 p. M . 60 grams meat + 60 e.e. 90 per oent aloohoL 





TMal Midity. 


LooMly oombined HCl. 


Free HCL 


2.80 


0.439 


0.213 


0.158 


2.60 


0.467 


0.191 


0.205 


3.10 


0.408 


0.205 


0.227 


3.30 


0.364 


0.129 


0.187 


3.50 


Stomach practically empty ; end of gastric digestion 




Time of digestion : 


= 8 hmirt and 6 minntea. 
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IZ. 





OF ALCOHOL 


UPOJS 


' DIGESTIC 


W. 


. 9.16- 


k.V. 


60 grams meat + 50 e.e. M per oent aloohol. 






T&kflmemty. 


LcmmbIj' 


oomblnadHCL 


FneHOl. 


9.40 




0.191 




0.130 


0.058 


10.05 




0.885 




0.156 


0.151 


10.80 




0.421 




0.176 


0.180 


10.60 




0.468 




0.184 


0.201 


11.10 




0.460 




0.165 


0.220 


11.30 




0.410 




0.148 


0.220 


11.60 




0.468 




0.195 


0.244 


12.10 




0.417 




0.112 


Oii40 


12.80 




0.860 




0.080 


0.216 


1.00 


Stonutch empty ; 


end of { 


gastric digestio] 


Q. 



Time of digestion = 8 hmm and 45 minntai. 
X. 9.00 A. V. 50 grams meat + 150 e.e. Soohheimar. 





Totia acidity. 


LooMlyoombinadHOL 


TMeHOL 


9.30 


0.874 




0.140 


0.176 


10.00 


0.432 




0.154 


0.191 


10.15 


0.450 




0.151 


0.198 


10.45 


0.497 




0.187 


0.220 


11.15 


0.588 




0.198 


0.271 


11.80 


0.555 




0.241 


0.227 


12.00 


0.508 




0.248 


0.178 


12.15 


Stomach empty ; 


end of i 


gastric digestion. 





Time of digestion = 8 hmm and 15 minntM. 
XI. 9.00 ▲. M. 50 grams meat + 50 e.e. whiikj + 50 c.e. watar. 



xn. 





Totid«ddU7. Loosely oombbiedHGL 


FneHCL 


9.30 


0.252 0.101 


0.119 


10.00 


a392 0.176 


0.176 


10.80 


0.408 0.151 


0.191 


11.00 


Stomach empty; end of gastric digestion. 
Time of digestion = 2 honn. 




, 2.45: 


p. V. 50 grams meat + 50 e.o. whisky + 50 c.o. watar. 




Toteladdlty. Loom^ combined HCL 


TMeHCL 


ai5 


0.280 0.076 


0.119 


8.45 


0.820 0.097 


0.220 


4.16 


0.468 0.198 


0.212 


4.30 


0.508 0.198 


0.198 


4.45 


0.490 0.184 


0.212 


6.15 


0.569 0.205 


0.252 



6.45 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 honrt. 
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Xni, 1.00 P.M. 60 grams meat + ffO 0.0. gin + 26 0.0. water. 



/ A nalyli of oontenti 

ToUl Midity. LooMly combined HGI. Free HCL 

2.00 0.489 0.178 0.194 

2.80 0.460 0.170 0.197 

2.46 0.428 0.168 0.288 

8.00 0.442 0.164 0.212 

8.16 0.410 0.140 0.216 

8.80 0.420 0.148 0.234 

a46 0.338 0.122 0.180 

4.00 Stomach empty ; end of gastric digestion. 

Time of digestion = 8 hours. 

XrV* 9.20 ▲. M. 60 grams meat + 50 o.o. hrandy + 86 0.0. water. 



XV. 





Total Mddity. 




FreeHCl. 


9.60 


0.287 


0.169 


0.065 


10.20 


0.368 


0.201 


0.183 


10.60 


0.466 


0.280 


0.205 


11.20 


0.683 


0.267 


0.194 


11.40 


0.408 


• . . 


0.158 


12.00 


Stomach empty ; 1 


end of gastric digestion 


I. 




Time of digestion 


= 8 honn and 40 minntee. 


2.60 p. K. 60 grams meat + 160 0.0. lager beer. 






Total ftcidity. 


Looaely combined HCL 


FXeeHOL 


8.20 


0.259 


0.112 


0.115 


8.60 


0.410 


0.206 


0.148 


4.20 


0.518 


0.246 


0.184 


4.86 


0.572 


0.248 


0.230 


4.60 


0.569 


0.262 


0.208 


6.06 


0.547 


0.220 


0.238 


6.20 


0.508 


0.162 


0.211 


6.36 


0.476 


0.162 


0.288 


6.60 


0.413 


0.115 


0.241 



6.05 Stomach empty; end of gastric digestion. 
Time of digestion = 3 hoars and 16 minntes. 

XVI. 9.40 a.m. 60 grams meat + 160 0.0. Btont. 

-AnalydA of conti 





Total aciditj. 




Free HCL 


10.10 


0.364 


0.140 


0.187 


10.40 


0.446 


0.166 


0.180 


11.10 


0.656 


0.220 


0.295 


11.40 


0.616 


0.212 


0.802 


12.10 


0.580 


0.266 


0.247 


12.40 


Stomach empty ; 4 


snd of gastric digestion. 






Time of digestion 


= 8 honn. 
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Ill 



XVII 0. 9.16 a.m. 60 grams meat + IM 0.0. iMer. 





Tbtiaadditj. 


LooMlyoombiiiedHGL 


rraeHCL 


0.46 


0.248 


0.161 


0.082 


10.16 


0.867 


0.201 


0.128 


10.46 


a467 


0.288 


0.137 


11.20 


0.626 


0.266 


0.209 


11.40 


0.611 


0.218 


0.223 


12.16 


0.466 


0.216 


0.176 


12.30 


Stomach empty ; end of gastric digestion. 






Time of digestion = 


: 8 houn and 16 mlnntos. 




XVn ^ 8.00 pji. 60 grams meat + 160 o.o. water. 














IMalMidity. 


LoofldyoombinedHCl. 


FneHCL 


8.90 


0.227 


0.180 


0.090 


4.00 


0.400 


0.209 


0.129 


4.80 


0.622 


0.274 


0.168 


6.00 


0.688 


0.310 


0.196 


6.16 


0.688 


0.802 


0.206 


6.80 


0.446 


209 


0.184 


6.46 


0.660 


0.298 


0.127 


6.00 


Stomach empty ; end of gastric digestion. 





Time of digestion = 8 honn. 



XVIII a. 8.80 ▲.K. 60 grams meat + 60 0.01 water. 





TotiJaoidity 


AiudyaU of coiit«nt«— ~ 


FreeHCL 


9.00 


0.371 




0.227 


0.126 


9.30 


0.448 




0.274 


0.144 


10.00 


0.618 




0.262 


0.284 


10.30 


0.669 




0.268 


0.262 


11.00 


Stomach empty ; 


end of gi 


istric digestion. 





Time of digestion = 2 honn and 80 minntoo. 



XVUliB. 2.10 P.M. 60 grams meat + 100 0.0. 80 per oent aloohoL 



2.40 
8.10 
8.40 
4.10 
4.40 
6.10 



Totia Acidltj. 

0.284 



-Analyait of oontenti 



LooMly oombinod HOL 
0.112 
0.106 

0.490 0.209 

0.660 0.268 

0.660 0.246 

Stomach empty ; end of gastric digestion. 

nme of digestion = 8 honn. 



)HGL 
0.101 
0.187 
0.162 
0.191 
0.201 
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XIX a. 9.00 ▲ Ji. 60 grams meat + 100 e.e. water. 



- Analyalt of Content*- 



Total mdOity. Loooaly oomblnod HOL Free HOL 

O.aO 0.324 0.166 0.137 

10.00 0.378 0.198 0.144 

10.30 0.494 0.269 0.169 

11.00 0.487 0.220 0.188 

11.16 0.467 0.206 0.131 

11.30 Stomach empty; end of gastric digestion. 

Time of digestion = 2 honrt and 80 minntei. 
ICTX $, 2.30 P.K. 60 grams meat + 160 ca, lager beer. 





Total addl^. 




FneHCL 


8.00 


0.260 


0.119 


0.137 


8.30 


0.878 


0.201 


0.187 


4.00 


0.466 


0.191 


0.188 


4.30 


0.633 


0.223 


0.248 


4.46 


0.662 


0.288 


0.306 


6.10 


0.466 


0.223 


0.176 



6.30 Stomach empty; end of gastric digestion. 
Time of digestion = 8 honn. 

XX a. 9.16 A.M. 60 grams meat + 76 e.e. eherry + 26 e.e. water. 



9.46 
10.16 
10.46 
11.16 
11.80 
11.46 
12.00 Stomach empty ; end of gastric digestion. 

Time of digestion = 2 hoars and 40 minntei. 



Total Midlty. 


LooMlyoomUnedflOL 


FneHCL 


0.296 


0.108 


0.166 


0.381 


0.101 


0.178 


0.367 


0.188 


0.187 


0.418 


0.168 


0.212 


0.486 


0.169 


0216 


0.490 


0.191 


0.248 



XX /^ 2.80 p.m. 


60 grams meat + 160 ce. oarbonated water. 






Total eddity. 


Looaelj combined HCL 


Free HCL 


8.00 




0.238 


0.043 


0.126 


8.30 




0.360 


0.180 


0.176 


4.00 




0.432 


0.187 


0.169 


4.30 




0.633 


.... 


0.169 


4.46 


Stomach empty ; 


end of gastric digestion. 






Time of digestion 


= 2 hours and 16 minutes. 
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Dog B. — Weight 21 kilos. 

I, 1*46 P.M. 50 gnunt mMt (no water). 





Total addlty. 




FreeHOL 


2.16 


0.363 


0.191 


0.118 


2.40 


0.443 


0.222 


0.180 


3.00 


0.611 


0.227 


0.198 


8.20 


0.626 


0.227 


0.280 


a46 


0.672 


0.260 


0.209 


4.16 


0.668 


0.349 


0.196 



4.46 Stomach empty ; end of gastric digestion. 
Time of digestion = 8 hoars. 



II. 9.16 ▲ Ji. 60 grams meat + 60 o.e. water. 





TMil acidity. 


LooMlyoombiiiedHOL 


FreeHOL 


9.60 


0.802 


0.220 


0.082 


10.16 


0.482 


0.223 


0.144 


10.46 


0.472 


0.201 


0.262 


11.16 


0.472 


0.144 


0.288 


11.86 


0.484 


0.166 


0.270 


11.66 


0.463 


0.144 


0.306 


12.16 


0.407 


0.100 


a241 


12.80 


0.400 


0.183 


0.284 



12.46 0.806 0.216 

End of gastric digestion. 

Time of digestion = 8 honrt and 80 minutes. 



in. 9.16 A.M. 60 grams meat + 60 e.o. 90 per oent alcohol + water. 





TMal acidity. 


LooeelyoombliiedHCL 


FneHOl. 


9.60 


0.136 


0.066 


0.a36 


10.16 


0.286 


0.106 


0.144 


10.46 


0.479 


0.173 


0.244 


11.16 


0.472 


0.177 


0.262 


11.86 


0.618 


0.237 


0.262 


11.66 


0.486 


.... 


0.209 


12.16 


0.421 


• . • • 


0.218 


12.80 


Stomach empty ; 


end of gastric digestion. 






Time of digestion 


= 3 hoars and 16 minates. 
8 
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IV. 8.60 A.M. 50 grams meat + 100 o.o. 80 per cent aloohol 



Total acidity. 

0.20 0.324 

9.60 0.498 

10.20 0.041 

10.50 0.547 

11.20 0.588 

11.50 0.544 
12.20 

12.80 End of gastric digestion. 



-AnalydBof 
Looedyoom 



Contento- 
oombined HOL 



0.388 



rreeHGL 
0.144 
0.072 
0.100 
0.166 
0.206 
0.230 

present 



Time of digestion = 8 hours and 40 mlnntea. 



V, 2.45 P.M. 50 grams meat + 7ft o.o. elaret. 



Via. 





TbtalMidity. 


Loom 


ly combined HCI. 


Free HGL 


8.16 


0.396 




0.156 


0.216 


8.45 


0.450 




0.288 


0.158 


4.16 


0.576 




• • • 


0.209 


4.45 


End of gastric digestion. 








Time of digestion = 


: 2 honzi. 




9.16. 


k. M. 50 grams meat + 160 1 


B.O. beer. 








— -Anali 


y combined HGL 






Totid acidity. 


LoomI 


Free HOL 


9.46 


0.273 




0.144 


0.104 


10.16 


0.367 




0.187 


0.156 


10.46 


0.464 




0.223 


0.194 


11.15 


0.616 




0.846 


0.256 


11.46 


0.501 




0.288 


0.170 


12.16 


0.608 




. . . 


0.161 


12.80 


0.688 




• • • 


0.187 


12.46 


0.468 




. . . 


0.168 



1.00 End of gastric digestion. 

Time of digestion = 8 honn and 46 miantei. 



VI i9. 



1.00 P.M. 50 grams meat + 160 


e.c. water. 






Anal 


Iv>t« <vf HAntAnfji 




3\>tal acidity. 


lZoM(y combined HGL 


Free HOL 


2.00 0.620 




0.282 


0.201 


2.80 0.590 




0.266 


0.2;i4 


8.00 0.666 




0.892 


0.224 


8.30 0.627 




. . . 


0.206 


4.00 




• . • 


trace. 


4.16 End of gastric digei 


ition. 
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In the accompanying table the " time of digestion " of the 
experiments preceding is given in hours. The experiments 
marked a and fi are strictly comparable, as reference to the 
protocols will show that they were carried out in succession 
on the same day. 

From these results it is apparent that the time of digestion 
in the stomach for the proteid test meal employed is not 
greatly varied under the influence of alcohoL The results 
obtained suggest, however, a tendency toward prolongation of 
the period during which the meat remains in the stomach when 
alcoholic fluids are present. This tendency is most noticeable 
in the case of Dog A, and particularly in those experiments 
which immediately succeed each other on the same day and 
are therefore strictly comparable. The differences are too 
small, however, to have any great significance. Retardation is 
perhaps more marked with the malted beverages, and is 
apparently out of proportion to the alcohol present. With 
reference to the changes in the acidity of the stomach contents 
a large number of observations disclose no specific differences 
in the various digestions. The variations are common to all 
the experiments. They include a gradual rise in total acidity 
durmg approximately tlie first two hours of digestion, followed 
by a gradual decrease until the stomach becomes empty ; at 
this point free HCl is absent. The combined HCl increases 
with the progress of digestion, the products of proteolysis com- 
bining with relatively larger quantities of free acid.* Since 
the secretion of acid is continually progressing in the stomach, 
the percentage of free HCl increases gradually in the course of 
the digestion, likewise decreasing rapidly toward the end of this 
process. In agreement with our previous statements relative 
to the rather sudden discharge of the gastric contents into the 
intestine (p. 106), an abrupt decline in acidity toward the end 
of the digestion period was frequently observed. Evidence of 
an " after period " of secretion was not obtained.! 

• Cf. Chittenden, Digestive Proteolysis, 1894, pp. 53 seq. 

t Cf . Gluzinski, Jahresbericht f . Thierchemie, 1886, zri, p. 264. 
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TABLE OF TFME OF DIGESTION (IN HOURS). 




Bog a. 


DooB. 


Ho. 


1 


1 


Iff 


i 


Ko. 


1 


1 






h. m. 


h. m. 


h. m. 


h. ni. 




h. m. 


h. m. 


h. m. 


XVIL J 


8 





8 15 




I. 


8 


.... 


.... 


L 


265 


.... 






II. 


380 


.... 





II. 


220 


.... 






Til. 


. . . . 


8 15 


.... 


VII. 


.... 


8 






IV. 


.... 


840 




VL 


.... 


830 






V. 


.... 




2 


VIII. 
IX. 





805 
8 45 






vi.{; 


3 15 




845 


xvnLJ; 


280 


3 














XIV. 


.... 






2 40 










XV. 


.... 




8 15 












XIX. {5 


280 




8 












XVI. 


.... 




8 












IV. 


2 80 




.... 












X. 







8 15 












IIL 


3 
















xni. 


.... 






8 










V. 


2 15 






2 45 










240 






.... 










XI. 


.... 






2 










XII. 









8 










ATerage. 


2 40 


820 


8 10 


240 




8 15 


8 80 2 62 
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DiSAFPEABANGE OF AliCOHOL FROM THE StOMACH. " 

It has long been known that alcohol disappears rapidly from 
the alimentaiy canal, and even so early as 1847 Bouchardat 
and Sandras stated that the absorption takes place from the 
stomach especially.* More recent and conclusive experiments 
in which the pylorus has been artificially closed, have demon- 
strated with certainty that alcohol, in distinction from water, 
is readily absorbed from the stomach.t Furthermore, many 
substances like sugar, peptone, etc., are readily absorbed from 
the stomach in the presence of alcohol, while their absorption 
from the intestine is likewise accelerated by this substance.^ 
Thus an ordinary dose of chloral hydrate introduced in watery 
solution into a stomach with ligated pylorus fails to bring 
about narcosis ; § if, however, a quantity of alcohol too small 
of itself to produce any pharmacological action be present, 
narcosis follows, just as when the open pylorus permits the 
intestine to participate in the absorption. 

The complete disappearance of alcohol from the stomach 
has been observed by us in a large number of experiments in 
which the pylorus was ligated. The following results tabu- 
lated from the experiments on secretion (pp. 88-99), demon- 
strate this statement: — 

The rapid discharge of watery or alcoholic fluids from the 
stomach through the pylorus has already been referred to on 
p. 106. The results are in harmony with those obtained by v. 
Mering on dogs with duodenal fistulse-H In his experiments, 
for example, 600 c.c. being administered to a large dog, 490 c.c. 
were expelled through the pylorus in twenty minutes. The 

• Bouchardat and Sandras, Annales de chimie et de physique, 1847, zzi, 
8. S^rie, p. 466. 

t Cf ., for example, Tappeiner, Zeitschr. f. Biologie, 1881, xri, p. 497 ; 
Brandl, ibid., 1892, xxix, p. 277 ; t. Mering, Jahresbericht £. Thierchemie, 
1898, zxiu, p. 293. 

X Cf ., for example, J. ▼. Scanzoni, Zeitschr. f. Biologie, 1896, xxxiii, p. 462. 

i Cf. also experiments with strychnine. Meltzer, Joum. of exper. medi- 
cine, 1896. i, p. 629. 

II V. Mering, quoted in Gamgee, Physiological chemistry, 1893, ii, pp. 
441 seq. 
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TABLE SHOWING ABSORPTION OF ALCOHOL FROM STOMACa 


Ko. 


weight 


Duntloii 
of 


YolniiiA of 
Fluid 


Content of 
AloohoL 
Percent 

l^Voliinia^ 


Alcohol 

Found at 

end of 




I>og. 


BxperiniMit. 


Introduoed. 


Experi- 
ment. 




Uloa. 


h. m. 


com. 




gnn. 


VII. 


23.0 


3 80 


200 (alcohol) 


87.6 


4 


VIII. 


2L0 


800 


200 (alcohol) 


87.6 


4-5 


IX. 


8.0 


3 60 


100 (alcohol) 


5.0 





X. 


7.3 


3 45 


110 (alcohol) 


4.8 





XIII. 


10.7 


365 


76 (sherry) 


21.0 





XIV. 


18.6 


8 46 


160 (whiskey) 


16.0 





XV. 


8.0 


8 46 


126 (wine) 
186 (wine) 


18.3 





XVI. 


25.0 


300 


13.8 





XVIL 


12.3 


400 


126 (claret) 


6.16 





XVIIL 


10.2 


8 66 


100 (beer) 


4.5 





XX. 


14.0 


8 46 


150 (porter) 


8.76 





XXL 


8.6 


8 66 


126 (beer) 


4.7 






rapidity of expulsion was found to depend on the state of 
repletion of tlie small intestine, — an observation in accord 
with the retarded evacuation of the stomach seen when food is 
given along with fluids, v. Mering further observed that 
when water holding CO2 in solution enters the stomach, the 
gas is readily absorbed;* alcohol is likewise absorbed, as 
J. Miller has recently verified for the human stomach.f 
Og4ta J found that of 6.5-8.8 grams of alcohol introduced into 
the stomach in wine or beer, 80-90 per cent disappeared within 
half an hour. In the presence of soluble products in the 
stomach, an excretion of water by that organ is said to result 
in proportion to the amount of substance absorbed, — an idea 
akin to the one suggested in explanation of the relatively 
larger quantities of fluid found in the unligated stomach soon 
after introduction of alcohol, as compared with water. The 
experiments which we have made verify the statements of the 
investigators mentioned, as the following data selected from 
protocols indicate : — 

• Cf. aUo Experiment V., p. 89. 

t Miller, J., Arch, f . Verdauungekrankh., i, p. 233. Jahresbericht f . Thiei^ 
chemie, 1805, xxy, p. 203. 

t Ogata, Jahresbericht f . Thierchemie, 1885, xv, p. 274. 
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DATA SHOWING DISAPPEARANCE OF ALCOHOL FROM 
UNLKUTED STOMACH. 

L Dog, with gastric flstula. 

a. 8.46 p. m. Introduced SO ex. 20 per cent alcohol into stomach. 
4.15 " Removed gastric contents = 40 ex. No alcohol found. 

b. 3.16 " Introduced 40 ex. £6 per cent alcohd, 

8.46 " Removed gastric contents = tO ex. No alcohol found, 

c. 2.40 " Introduced 126 c.c. 20 per cent alcohol. 

3.10 " Removed a portion of gastric contents. Free HCl = 0.072 
per cent. SmaU amount of alcohol present. 

XL Dog of 18 kilos, employed in a salivary experiment In the course of 
the latter the animal received at intervals 4^ ex. absolute alcohol diluted 
with water. Two hours after last portion was given the stomach contents 
(200 c.c) were removed. They contained 1.1 grms. alcohol, 

m. Dog of 18 kilos. Salivary experiment* At intervals were given 70 c.c, 
absolute alcohol diluted with water. One and one-third hours after last 
portion (40 c.c.) was given the stomach contents (360 c.c.) contained 
9j4 grms. cUcohol. 

IV, Dog of 14 kilos. Salivary experiment I40 c,c. absolute alcohol diluted 
with water were given in three portions. Three-fourths of an hour after 
the last portion (60 cc), the stomach contents (460 cc.) contained 24.6 
grms. alcohol. 
V. Dog of 10 kilos. Salivary experiment 120 ex. whiskey, containing 
60 per cent of alcohol, were given in two portions. Four and one-half 
hours after the last portion (60 c.c.) the stomach contents (170 cc), con- 
tained 2.7 grms. alcohol. 

VI. Dog. Salivary experiment 1S5 cc brandy, containing about 60 per 
cent of alcohol, were given in two portions. Two hours after last portion 
(76 cc), the stomach contents (240 cc) contained 8.8 grms. alcohol, 
VlL Dog of 10 kilos. Salivary experiment. S60 ex. wine, containing 5.15 per 
cent alcohol, were given in two portions. One and one-half hours after 
last portion (200 cc), the stomach contents (100 cc) contained 6.5 grms, 
alcohoL 

It is of interest to note that the large volumes of fluid (170-460 cc.) found 
in the stomach in Experiments IL-VH. correspond with the data already 
presented with reference to the increased secretion of gastric Juice due to 
alcohol and alcoholic beverages. 

Summary. 

Some of the more important conclusions to be drawn from 
the results of the experiments reported in the preceding pages 
may be advantageously summarized here. 

Upon the secretion of saliva, the presence of strong alcohol 
or an alchoholic beverage in the mouth has a direct stimU' 
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lating effect leading to a sudden increase in the flow of saliva. 
This acceleration of secretion, however, is of brief duration. 
The stimulating effect is manifested not only by an increase 
in the volume of the secretion, but also by an increase in both 
organic and inorganic constituents. The effect produced is 
in no sense peculiar to alcohol,, but is conunon to many so- 
called stimulants, such as dilute acid (vinegar), ether-vapor, 
etc. Indeed the effect is precisely analogous to that induced 
by an increase in intensity of stimulation, when the saUvary 
glands are electrically excited through their nerves. 

As to the possibility of alcoholic fluids absorbed from the 
stomach giving rise to an indirect stimulation of salivary 
secretion, or exercising any appreciable influence upon the 
composition of the secretion, our results give a negative an- 
swer. Thus, alcoholic fluids introduced directly into the 
stomach (of dogs) by injection through the stomach wall, 
thus doing away with any local action m the mouth, produce 
no appreciable effect upon the rate of secretion, as induced 
by a constant external stimulus, of either submaxillary or 
sublingual saliva. Even doses of alcohol sufficient to pro- 
duce prolonged narcosis when introduced in this way fail to 
check the flow of saliva. There is likewise no specific influ- 
ence exerted on the composition of the secretion. Hence, so 
far as our results go, alcohol and alcoholic fluids are without 
any specific effect upon the secretion of saliva, except to pro- 
duce a transitory stimulation of secretion while in the mouth 
cavity. 

Upon gastric secretion, alcohol and alcoholic fluids have a 
marked effect, increasing very greatly both the flow of gastric 
juice and also its content of acid and total solids. Further, 
this action is exerted not only by the presence of alcoholic 
fluids in the stomach, but also indirectly through the influence 
of alcohol absorbed from the intestine. Thus ordinary ethyl 
alcohol introduced into the empty stomachs of dogs, with the 
duodenum ligated, shows a marked stimulating action upon 
gastric secretion — as compared with the action of water 
under like conditions — increasing not only the volume of 
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gastric juice very greatly, but also its acidity, content of 
solid matter, etc. Moreover, alcohol absorbed from the in- 
testine, the latter being entirely shut off from the stomach, 
may likewise cause stimulation of the gastric glands, with a 
marked increase in the rate of secretion, etc. Whiskey, 
brandy, sherry, claret, beer, and porter all agree in producing 
stimulation of gastric secretion. Further, as already stated, 
the gastric juice secreted under alcohoUc stimulation is more 
acid, contains more solid matter and more combined hydro- 
chloric acid than the ordinary secretion. It is likewise 
strongly proteolytic. 

If these results are considered in connection with our pre- 
vious observations upon the influence of alcohol and alcoholic 
drinks upon the purely chemical processes of gastric digestion, 
it is seen that side by side with the greater or lesser retarda- 
tion of digestive proteolysis caused by alcoholic beverages 
there occurs an increased flow of gastric juice rich in acid 
and of unquestionable digestive power. The two effects may 
thus normally counterbalance each other, though it is evident 
that modifying conditions may readily retard or stimulate the 
processes in the stomach according to circumstances. Fore- 
most among the latter is the rapid disappearance of alcohol 
from the alimentary canal. 

Since any influence exerted by alcohol or alcoholic bever- 
ages upon the solvent or digestive power of the gastric juice 
in the stomach must depend upon the presence of alcohol in 
the stomach contents, it follows that the tendency toward 
rapid removal of the alcohol from the alimentary tract by 
absorption must necessarily diminish correspondingly the 
extent of the retardation of gastric digestion which the pres- 
ence of alcohol in the stomach may occasion. Since, however, 
the stimulation of gastric secretion induced by alcohol is 
brought about not only by the direct action of alcohol in the 
stomach, but also by the indirect action of alcohol absorbed 
from the intestine, it follows that possible inhibition of the 
digestive action of the gastric juice would probably be of 
shorter duration than the stimulation of secretion, and that 
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consequently in the body alcoholic fluids would hardly lead 
to any retardation of gastric digestion. This point has been 
very carefully and thoroughly tested by numerous experi- 
ments on healthy dogs with gastric fistulsB, using proteid test 
meals, with the result that certainly in the stomach of dogs 
digestion is not retarded in any pi-onounced degree under the 
influence of alcohol or alcoholic fluids. Of hastened digestion, 
the results obtained give little or no suggestion, and we must 
therefore conclude that the two diverse factors above referred 
to more or less counterbalance each other so that gastric 
digestion in the broadest sense of the term is not markedly 
varied under the influence of alcohol or alcohoUc fluids. This 
conclusion, it may be mentioned, stands in perfect harmony 
with the results of the investigations of Zimtz and Magnus- 
Levy regarding the influence of alcohol (beer) on the digesti- 
bility and utilization of food in the body. These investigators 
found by a series of metabolic experiments on men with diets 
largely made up of milk and bread, and on individuals accus- 
tomed and unaccustomed to the use of alcoholic beverages, 
that the latter did not in any way diminish the utilization 
of the food by the body.* 

Especially worthy of note is the rapid disappearance of 
alcohol from the stomach and alimentary tract when alcoholic 
fluids are taken. As our results show, the introduction of 
even 200 c.c. of 87 per cent alcohol into the stomach of a dog 
with the duodenum ligated at the pylorus may be followed 
by the nearly complete disappearance of the alcohol in 3-8J 
hours by absorption through the stomach walls into the blood. 
With the outlet from the stomach into the intestine open, the 
rate of absorption of alcohol is greatly increased. We may 
well believe, as stated by Og&ta, that, when 6-8 grams of 
alcohol are taken into the stomach in the form of wine or 
beer, 80-90 per cent of the alcohol will disappear from the 
alimentary tract inside of half an hour. Indeed, our own 
experiments on dogs with gastric fistulse lead to this con- 

* Zuntz and Magnus-Leyy, Archly f. d. gee. Physiol., 1891, xlix, p. 438; 
Magnus-Levy, ibid., 1803, liii, p. 644. 
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clusioiL Thus, in one experiment 50 c.c. of 20 per cent 
alcohol were introduced into the stomach, and on withdraw- 
ing the stomach-contents half an hour later no alcohol what- 
ever was found in the 40 c.c. of fluid obtained. In view of 
this rapid disappearance of alcohol from the alimentary tract 
it is plain that alcohoHc fluids cannot have much, if any, 
direct influence upon the secretion of either pancreatic or 
intestinal juice. 
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THE ROTARY PROPERTIES OF SOME 
VEGETABLE PROTEIDS.* 

By ARTHUE C. ALEXANDER. 

L Introductory. 

So far as the writer has been able to ascertain, no reliable 
determinations have ever been made of the rotary properties 
of any of the vegetable proteids, although some of them can 
now be obtained in a pure state and in considerable quantities. 
The object of this investigation was to determine accurately 
the rotary power of some of the crystallized vegetable proteids. 
The globulin found in hemp seed was chosen as the main 
subject of study, because it could be obtained in a perfectly 
crystalline form with comparative ease. For purposes of 
comparison, the rotary powers of the crystallized globulins 
obtained from flaxseed and the Brazil nut were also deter- 
mined under similar conditions. The identity of each of these 
three proteids has been completely established by the researches 
of Osbome,t Chittenden and Mendel,J and others, and a 
guarantee of chemical purity is furnished in their crystalline 
form. Their individual compositions and properties will be 
described later in connection with the results of the polarimeter 
observations. 

A complete determination of the rotary properties of any 
substance should include a study of the effect on its rotary 
power of three factors — (1) the solvent used; (2) the con- 
centration of the solution ; (8) its temperature. The proteids 
investigated by the writer were imperfectly soluble in most 
solvents at the temperature of the room, and their solutions 

• Reprinted from the Jonrnal of Experimental Medicine, rol. L 
t American Chemical Journal, vol. xiv, pp. 629, 662. 
t Journal of Physiology, rol. zyii, p. 60. 
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were more or less colored. On account of their opacity, only 
dilute solutions containing about one or two per cent of 
proteid matter could be used, so that the angles measured had 
to be multiplied by a large reduction factor to find the rotation 
for the standard length and density. The errors of observation 
were thus multiplied many times. For this reason the results 
were not sufficiently exact, nor were the variations sufficiently 
great, to determine the manner in which the rotary power 
varied either with the temperature or the concentration of tlie 
solutions. The maximum range' in concentration was from 
0.60 per cent of proteid to about 2.50 per cent, and in tem- 
perature from 20° C. (below which precipitation was likely 
to occur) to 70** C, above which coagulation soon took place. 
The specific rotation, as will be seen later, appeared to decrease 
with the percentage of proteid in solution. The variation 
with the temperature was apparently slight, and it seemed 
useless to try to determine it exactly. In fact, the variation 
of the specific rotation with the solvent was the only factor 
that could be determined with any exactness. 

Preparation of Solutions. 

Salt Solutions, — The salt solutions used as solvents were 
all prepared in the same manner. A given quantity of the 
chemically pure salt, dried in a desiccator, was weighed out, 
dissolved in distilled water, and made up with distilled water 
to the required volume. The solution was then filtered. The 
residue of salt, when dried at 110° C, was next carefully 
determined, several portions of the solution of 20 or 80 cubic 
centimeters each being dried to constant weight at 110° C, 
and the results, which never differed by more than 2 or 8 
milligrams, averaged. None of the vegetable globulins ex- 
perimented upon being completely soluble in these solutions, 
as concentrated a solution of globulin as possible was made 
and then filtered clear of the undissolved proteid. The per- 
centage of proteid matter in solution was afterward determined 
by drying down 20 cubic centimeters or so to constant weight 
at 110° C, and subtracting from the residue the weight of the 
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included salt. The percentage of ash in the dried proteid 
having been previously determined by ignition, the weight of 
ash- and water-free proteid in 100 cubic centimeters could 
easily be calculated. The concentration of the proteid solution 
was varied by diluting it in a graduated flask with the original 
solvent. 

Acid and Alkaline Solutions. — The globulins studied, except 
when very dry, can be completely dissolved in dilute acid or 
alkaline solutions with comparative ease. This simplified 
very much the preparation of such solutions. The percentage 
of moisture in the globulin, which was kept in a bottle under 
fairly constant conditions of temperature and humidity, was 
carefully determined by drying it at 110° C. Thus, the per- 
centage of moisture and of ash being known, the amount of 
water- and ash-free matter in a given weight could be readily 
found. In making the solutions a few grams of the glob- 
ulin were weighed out and completely dissolved in the acid or 
alkali, and the solutions were then made up to the required 
strength in a graduated flask. 

A few alkaline solutions were also prepared by the addition 
of a definite volume of 8 per cent potassium hydroxide to a 
sodium-chloride solution of the globulin. If the alkali is not 
too weak it can be added to a salt solution in this way without 
precipitating the globulin. Acids, on the contrary, produce 
precipitation immediately when added to such a globulin 
solution. 

The 0.2 per cent sodium-carbonate solution used as a solvent 
was made in a similar manner to the neutral salt solutions, 
the sodium carbonate being weighed out and dissolved in dis- 
tilled water. The other alkalis and acids used as solvents 
were made up approximately to the requisite strength with 
distilled water, and their exact strength was afterward deter- 
mined by titration. 

Apparatus aiid Methods of Observation. 

The polarimeter observations were made in a large dark room 
partitioned ofE in the centre of the building, and a "half- 
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shadow " polarimeter of the Laurent type,* constructed by J. 
Dubose, of Paris, was employed to measure the rotary power of 
the proteid solutions. This was a large instnmient designed 
for use as a saccharimeter and capable of holding tubes 400 
and 600 millimeters long, with a 20-centimeter circle divided 
to half-degrees, and a vernier with magnifying glass reading 
to 0.05°. Sodium light was alone used, as no other mono- 
chromatic light could be found of sufficient intensity. The 
exact position of the analyzer when the two halves of the field 
became of the same shade could not be determined by a single 
setting closer than 0.05® to 0.10°. However, by taking a large 
number of observations and averaging them, the error of the 
mean could be reduced to less than 0.01°. In general, from 
twenty to forty settings were made and readings taken, the 
position of uniform shade being approached alternately from 
the right and the left hand. The temperature of the solution 
in the tube was found by removing the cover and inserting a 
thermometer immediately after the rotation had been measured. 
Instead of depending on the result of one such measurement 
of the rotation, the tube was always emptied and refilled with 
a fresh portion of the solution and a new series of readings 
were taken. This was repeated a number of times, and the 
weighted mean of the results obtained was adopted as the best 
value. 
The specific rotation was calculated by the formula 

.. 100 

where a is the angle of rotation measured, I the length of the 
tube in decimeters, and c the weight of ash- and water-free 

substance in 100 cubic centimeters. The factor -^ — in this 

I c 

investigation varied, according to the percentage of proteid 
in the solution, from 50 to as large a value as 200. Thus 
an error of 0.01° in measuring the angle of rotation, a, meant 
an error of from 0.5° to 2.0° in the value of the specific 
rotation, (a)^. 

* Dingl. Poljt. Journ., vol. cczziii, p. 608. 
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Sources of Error. 

A careful investigation of all possible sources of error, both 
in determining the strength of the solutions and in measuring 
their rotary power, led to the conclusion that by far the most 
important source of error lay in the observer himself. The 
values found at different times for a single setting of the 
polarimeter, each the mean of thirty or forty readings and 
having a probable error of less than 0.01°, would frequently 
differ among themselves by 0.06° or more, especially when 
the intensity of the sodium flame varied or the observer's eyes 
became fatigued. The error thus introduced into the value 
of the specific rotation was from 2 to 6 per cent, accord- 
ing to the size of the angle measured, while the errors 
introduced by the methods of determining the percentage of 
proteid matter in solution, which ranked next in magnitude, 
never exceeded 0.3 or 0.4 per cent. 

To find the probable error of the measured angle of rotation, 
the probable error of the initial setting with an empty tube 
was calculated from a large number of readings covering an 
interval of some days, and the probable error of the mean 
rotation reading was calculated in each case from the results 
of a number of independent series of readings. The square 
root of the sum of the squares of these gives the probable 
error in the value of the total rotation, and the probable error 
of the specific rotation is easily calculated from this. In 
calculating the probable error of a number of measurements 
of the same angle the abbreviated formula* 

_ 0.8453 2v 

n \/n — 1 

was used, where r^ is the probable error of the mean, v the 
deviation of each observation from the mean, S the usual sign 
of summation, and n the number of observations. 

• 8ee Merriam's Text of Least Squares, 2d ed., p. 03. 
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II. Hbmp-seed Globulin. 
Preparation and Composition. 

The globulin from hemp seed can be easily obtained in a 
crystalline form in comparatively large quantities. The fol- 
lowing method of preparation was employed by the writer : 

The raw, ground hemp seed was treated with a 5 per cent 
Bodium-chloride solution at 60*^ C. for an hour, which was 
then strained and filtered while hot. The filtiute obtained 
was rich in globulin, which was precipitated by cooling in the 
form of perfect but minute crystals. After decanting the 
supernatant liquid, the precipitate was thrown on a filter and 
washed successively with distilled water, dilute alcohol, 
absolute alcohol, and ether, thus removing all salts, fats, and 
other impurities soluble in water, alcohol, or ether. The 
ether was evaporated by exposure to the air, and the globulin 
was finally dried in a desiccator over sulphuric acid. In 
extracting the globulin in this way, about 60 grams were 
obtained on an average from a kilogram of the ground hemp 
seed. The crystals examined under a microscope and by 
polarized light were found to be perfect isometric octahedra 
with perhaps a few hexagonal plates. 

The reactions of this proteid are given in full by Osborne, 
Chittenden and Mendel, and others.* Its composition has 
also been carefully determined. Chittenden and Mendel give 
the following analysis : 



Carbon 61.63 

Hydrogen 6.90 

Nitrogen 18.78 



Sulphur 0.90 

Oxygen 21.79 

100.00 



0.8189 gram of the crystallized globulin prepared by the 
wiiter, dried to constant weight at 110® C, yielded, after 
ignition, a residue of 0.0016 gram of ash. This gives: Per- 
centage ash = 0.20 per cent. 

• Osborne, American Chemical Journal, vol. xIt, p. 673. Chittenden and 
Mendel, Journal of Physiology, toI. xvii, p. 60. 
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Sodium-chloride Solutions. 

The mode of preparing these solutions has already been 
described. Hemp-seed globulin is fairly soluble in a 10 per 
cent sodium-chloride solution at temperatures above 20° C. At 
15° C. it is much less soluble, and at 10° C. it is only very 
sUghtly soluble. The solutions of hemp-seed globulin are of 
a brownish-yellow color. Although somewhat opaque, the 
writer was able to use solutions containing as much as 2 or 
3 per cent of the proteid in a 100 millimeter tube. 

Four independent solutions of hemp-seed globulin were 
made in a 10 per cent sodium-chloride solution, and the 
percentage of globulin in solution was determined by drying 
at 110° C. The results of the polarimeter observations with 
these solutions are shown in the following table : 



No. of 

Solution. 


ABb- 

free 
Glob, 
in 100 

C.C. 


Ttan. 


^1 

'Si 


Length of 
Tubea. 


Mean 

Roto- 

tion per 

100 mm. 


Mean 
Value 
(«)d. 


Pirolv 

able 

Error. 


Bemtfka. 




gnn. 


deg.C. 


mm. 


deg. 


deg. 


deg. 




1 


3.40 


26.0 


2 


100 


-1.47 


-43.2 


±0.5 


) Solution quite 
opaque. 


2 


2.91 


26.6 


3 


100 


1.26 


43.2 


1.0 


4 


2.ao 


24.8 


4 


100 


0.995 


43.2 


0.6 


Less opaque. 


1 (diluted) 


1.70 


24.8 


6 


100 and 200 


0.780 


42.9 


0.8 




2 (diluted) 


1.45 


26.4 


2 


100 


0.596 


41.0 


2.0 


Eyes fatigued. 


2 (diluted) 


0.97 


26.2 


4 


100 and 200 


0.389 


40.0 


1.1 




4 (diluted) 


0.92 


20.8 


6 


200 


0.865 


39.7 


0.9 




8 


0.80 


22.3 


9 


200 and 300 


0.342 


43.0 


0.9 





With the exception of those for solutions containing 0.97 
and 0.92 per cent of globulin, the values obtained for (a)j, 
agree well within the given limits of error. In general they 
seem to indicate a decrease in the rotary power of the globulin 
with the percentage in solution. Assuming such a decrease 
in the rotary power, by interpolating and extrapolating for 
each separate solution and averaging the results we obtain 
(a)D = —41.6° ± 0.5° as the specific rotation of hemp-seed 
globulin dissolved in a 10 per cent sodium-chloride solu- 
tion, each 100 cubic centimeters of the resultant solution 



Digitized by VjOOQIC 



SOME VEGETABLE PROTEIDS. 



131 



containing one gram of the proteid. For purposes of com- 
parison, the value 

(a),> = -41.5° 

probably represents the specific rotation of hemp-seed globulin 
in such a solution within at least V*. 

Sodium-mlphate Solutions. 

The sodium-sulphate solution used as a solvent was made 
up to a strength of 10 per cent with sodium sulphate dried in 
a desiccator, but of only 5 per cent of the anhydrous salt 
(dried at 110® C). The hemp-seed globulin was only slightly 
soluble in this solution at the temperature of the room, and 
so the globulin solutions were made at a temperature of about 
85° C. To avoid precipitation during the polarimeter obser- 
vations, the tubes were warmed to about 50° C. and the 
solution to 85° or 40° C. before filling. Despite the care 
taken, several sets of observations were spoiled by the preci- 
pitation of the globulin. 

Only two independent solutions of hemp-«eed globulin were 
made in the sodium-sulphate solution. The results of the 
polarimeter observations and from drying down at 110° C. 
were as follows: 



No. of 
■olu- 
tion. 


Ash-fne 
Qlobulin 
in 100 CO. 


Tamper- 
Ature. 


Ho. of 

MoMuro- 

monta. 


Lmgfhof 
TdUb. 


MeuiRot. 
per 100 mm. 




ProD" 
ablA 
KiTor. 


6 
6 


grm. 

1.016 
0.864 


diW.C. 
81.8 
80.0 


7 
6 


100 and 200 
100 


-0.398 
0.838 


dog. 

-88.7 
88.6 


d«f 

±0.8 

1.4 



These results are quite concordant, and show the specific 
rotation of hemp-seed globulin in a 10 per cent (6 per cent 
solution of the anhydrous salt) sodium-sulphate solution to 
be some three degrees less than in a 10 per cent sodium- 
chloride solution. 
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Amm(m%ufnr9ulphate Solutions. 

The hemp-seed globulm was more isoluble in a 10 per cent 
ammonium-sulphate solution than in the preceding sodium- 
sulphate solution, but less soluble than in a 10 per cent 
sodium-chloride solution. 

Two independent solutions of the globulin in a 10 per cent 
anmioniumHSulphate solution were made, and the following 
results obtained from them: 



No. of 


Ash-fne 
GloboUn 
inlOOcc. 


Temper^ 
•tere. 


No. of 
MoMura- 
menta. 


^^JSL- 


Mean Rota- 
tion p«r 
100 mm. 


MeMi 
Talua 
(a)D. 


Prob- 

•blA 

Brror. 


7 

7 (dUuted) 

8 


gim. 

1.10 
0.48 
1,18 


dof.C. 
27.6 
26.6 
80.4 


4 
8 
6 


100 and 200 
200 and 220 
100 and 200 


-0.442 
0.206 
0.466 


dog. 

-40.0 
42.8 
88.6 


d«f. 

±0.8 

6.6 

1.8 



These results, although not very concordant or reliable, are 
sufficiently so to show that the specific rotation of hemp-seed 
globulin in an ammonium-sulphate solution lies between the 
values found respectively for sodium-sulphate and sodium- 
chloride solutions. 

The weighted mean of the above gives for the specific 
rotation of hemp-seed globulin in a 10 per cent ammonium- 
sulphate solution, 

(a)D = -39.8**. 

Sodiurr^cUaride-potasrium-hydroxide Solution, 

The remnants of Solutions 8 and 4 (hemp-seed globulin in a 
10 per cent sodium-chloride solution) were used to form ah 
alkaline solution by adding to them a definite volume of an 
8.2 per cent potassium-hydroxide solution ; 100 cubic centi- 
meters of the solution thus formed contained 0.766 gram 
of hemp-seed globulin, 9 grams of sodium chloride, and 0.82 
gram of pota43sium hydroxide. 

Five measurements of the rotation due to this solution gave 
a mean angle of —0.871° ± 0.011° for a 100-millimeter tube, 
the average temperature of the solution being 22.1° C. The 
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specific rotation of the hemp-seed globulin calculated from 

this is 

(a)^ = -67.6° ± 1.4^ 

After these measurements the solution was heated to 40^ C. 
for fifteen or twenty minutes to insure the complete conver- 
sion of the proteid into an alkali-albumin, and, after cooling, 
its rotary power was again determined. 

Four sets of observations with a 100-millimeter tube gave a 
mean rotation of —0.412 ± 0.011°, the average temperature 
of the solution being 21.2° C. The specific rotation of the 
globulin calculated from this 

(a)^ = -61.6° ± 1.4°. 

This is only 4° greater than the value obtained before 
warming the solution, which would seemingly indicate that 
the proteid must have been almost entirely converted into an 
alkali-albumin before the first determination of the specific 
rotation was made. 

Dilute Potamum-hydroxide Solution* 

Two determinations of the amount of moisture in the air- 
dry hemp-«eed globulin were made at different times by drying 
it at 110° C. The first determination gave a loss of weight of 
0.0654 gram for each gram of globulin, and the second 
of 0.0659 gram, showing that the percentage of moisture 
remained practically unchanged. 

8.8720 grams of this air-dry globulin were dissolved in 
an 0.18 per cent KOH solution, and made up with the same 
solution to 200 cubic centimeters. The rotary power of this 
solution of hemp-seed globulin was determined immediately 
after making it, and again after heating it at 40° or 50° C. for 
some thirty to forty minutes, with the followii^ results: 





Asb-uid 

Water-free 

OlobuUn 

inlOOcc. 


Tempei^ 
•tare. 


No. of 
MeMore- 
menta. 


Tube. 


Mmoi 
Rotation 

loJmm. 


Mean 
Value 


Probablfl 
Bnor. 


Before heating. 
After heating. 


grm. 
1.57 
IJbl 


deg. C. 
28 
25 


4 
6 


100 
100 


dag. 

-1.017 
0.999 


-64.7 
68.6 


±1.0 

a? 
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The values found for (a\ agree within the limit of error of 
observation, and are slightly larger than those obtained for 
hemp-seed globulin in the last solution. Their agreement 
would indicate that the action of the alkali in raising the 
rotary power of the globulin is exerted at once and without 
the aid of heat, the proteid being presumably changed more or 
less completely into an alkali-albumin when dissolved in the 
alkaline solution. 

Dilute Sodium-earhonate Solution. 

6.6987 grams of the air-dry hempnseed globulin were dis- 
solved in a 0.2 per cent sodium-carbonate solution and then 
made up with the same sodium-carbonate solution to 240 cubic 
centimeters. The rotary power of this globulin solution was 
determined, (1) immediately after making up the solution, (2) 
six hours after, and (8) after heating it at 40° to 60** C. thirty 
or forty minutes, and cooling. The results of the polarimeter 
observations were as follows: 





Aah-aad 

Watei^frae 

Globnliiu In 

100 0.0. 


Temper- 
atnre. 


No. of 

Meemre. 

mento. 


Tabea. 


Mew Bote- 
ttonper 
100 mm. 


MeMi 
Value 
(«)d- 


ProtwUe 
Error. 


1 

2 
8 


gnn- 
2.21 
2.21 
2.21 


deg. C. 
22.0 
22.6 
28.0 


4 
4 
4 


100 
100 
100 


deg. 
-1.072 
1.106 
1.200 


dag. 

-48.4 

49.9 

64.2 


deg. 

±0.6 

0.4 

0.7 



These show a slight increase in the specific rotation during 
the first six hours, and a marked increase after heating the 
solution of over 4°. The globulin is evidently not so readily 
nor so completely transformed by the sodium carbonate as by 
the stronger caustic alkali. 

Dilute HydrocUoric-acid Solution, 

8.6906 grams of the air-dry hemp-seed globulin were dis- 
solved in a 0.26 per cent hydrochloric-acid solution and made 
up to 262 cubic centimeters with the same solution. This 
solution was exceptionally transparent and the most satisfac- 
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tory for use in the polaiimeter of any proteid solution tried by 
the writer. Its rotaiy power was determined, (1) two hours 
after making the solution up, (2) twenty hours after making 
it up, (3) after heating it at about 40° C. for twenty minutes, 
and (4) after letting it stand for thirty-four days. The results 
of the polarimeter observations were as follows : 





ABll-MMlWatol^ 

fraeGlobaliiu 

in 100 CO. 


Tempflm- 
tnre. 


Ho. of 

Meaaore- 

menta. 


Length of 
Tubes. 


MMnrofe. 
porlOOmm. 


MemTahw 
(a).. 


Piobebto 
Knor. 


1 

2 
8 
4 


gun. 
1.31 
1.81 
1.81 
1.81 


d«f.O. 
24 
20 
21 
24 


6 

4 
4 
4 


100 
200 
300 
200 


deg. 
-1.120 
1.066 
1.079 
1.097 


-86.3 
81.2 
81.9 
88.6 


dag. 

±0.7 
0.4 
0.2 
0.8 



The largest value obtained for the specific rotation was 
within two hours after making the solution up and before 
heating it. That obtained twenty hours after was some 4° 
lower, and there was only a slight increase in the specific ro- 
tation after the solution had been heated. After the solution 
had stood for over a month the specific rotation was found to 
have increased about 1.7°. 

m. Flax-seed Globulin. 
Preparation and Composition. 

On account of the gummy character of the extracts from 
flax-seed, and the consequent difficulty in filtering them, it was 
not easy to obtain this proteid in large quantities. That used 
in this investigation was prepared by the following method : 

Ordinary flax-seed meal was treated with benzine (petroleum 
ether) to extract the fat, and then, after drying, was passed 
through a fine sieve to remove the husk as far as possible. 
The globulin was extracted from this prepared meal by means 
of a 10 per cent sodium-chloride solution and the extract fil- 
tered clear. When extracted at 60° C. the extract obtained 
was richer in globulin but more difficult to filter than when 
extracted at 20° C. Extracts were obtained at both tempera- 
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tures. The precipitation of the globulin by cooling was found 
to be impracticable, even after excessive dilution of the filtrate 
with water. The extracts were therefore submitted to dialysis 
for a few days, yielding in every case a fair percentage of well- 
crystallized globulin. The crystallized precipitate was col- 
lected on a filter and washed successively with dilute alcohol, 
absolute alcohol, and ether, and dried, after the ether had 
evaporated, in a desiccator over sulphuric acid. The minute 
crystals thus obtained were perfect isometric octahedra — some- 
what smaller than those obtained from the hemp-seed. 

The reactions of this globulin from flax-seed have been fully 
given by Osborne,* and differ but little from those found for 
the hemp-seed globulin. As the result of a niunber of in- 
dependent analyses, he found the flax-seed globulin to have 
the following composition : 



Carbon 61.48 

Hydrogen 6.04 

Nitrogen 18.60 



Sulphur 0.81 

Oxygen 22.17 

100.00 



It will be seen by comparison that the composition of this 
proteid is almost identical with that of the globulin from hemp- 
seed, which it also resembles, as stated, in its reactions, and in 
the form of its crystals, except that none of the crystals, of 
the flax-seed globulin are of a hexagonal form. Osborne, be- 
cause of the similarity in their composition and behavior 
toward reagents, considers these two globulins — and also 
those from the castor bean, cotton-seed, squash seed, and a 
number of cereals — as one and the same proteid body.f 
This body he has named edestiriy from its occurrence in so 
many food-stuffs. 

0.7778 gram of the flax-seed globulin prepared by the 
writer, dried at 110° C, yielded after ignition, a residue of 
0.0075 gram of ash. This would give a percentage of ash 
of 0.96 per cent. 

* American Chemical Journal, vol. xIt, pp. 629, 681. 
t Ibid., Tol. xiv, p. 687, and vol. xv, p. 24. Also Rep. Conn. Agric. Exp 
8ta. for 1803, pp. 179, 216, and same for 1895, p. 172. 
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As the quantity of crystallized flax-seed globulin prepared 
was not sufficient for an extended investigation of its rotary 
properties, the specific rotation was detennined for only a 
single solvent, a 10 per cent sodium chloride solution being 
chosen as the most available. A good basis was thus obtained 
for comparing its rotary power with that of the other proteids 
studied. 

Sodium-chloride Solutions. 

These solutions of flax-seed globulin had a rather strong 
yellow color. They proved, however, to be fairly transpar- 
ent to sodium light, so that the writer was able to use in the 
polarimeter solutions that appeared quite opaque when in a 
beaker. 

Three independent solutions of flax-seed globulin in 10 per 
cent sodium chloride were made, and used in the polarimeter. 
The crystals of the globulin used in the first solution (Solu- 
tion 13) were somewhat imperfect, having been roimded and 
broken during the processes of filtering and drying. They 
were separated by dialysis from a 10 per cent sodium-chloride 
extract obtained from the fat-free flaxnseed meal by a second 
extraction at 20° C* The globulin used in the other two 
solutions contained none but perfect crystals. Part of it was 
extracted from the flaxnseed meal by a 10 per cent sodium- 
chloride solution at 20** C, and the rest was similarly ex- 
tKicted at 60° C. In both cases the globulin was precipi- 
tated from the extract by dialysis. 

The results of the polarimeter observations and from drying 
down are tabulated below. With the exception of the first 
and last, the values found for the specific rotation agree well 
within the limits of error, although they apparently decrease 
with the percentage of globulin in solution. The table shows 
clearly how the error in the mean value of (a)i> is increased 
when a weak solution is used: 

* With these were mixed some perfect crystals obtained by cooling from a 
6 per cent sodium chloride extract at 60^ C. 
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No. of Solu- 
tion. 


Adk-frae 
Olobolin 
inlOOcc. 


Ttanpei^ 
•tare. 


Naot 
nwnta. 


Langthof 


MMnRota^ 
tionper 
100 nun. 


(«)d. 


Prob. 
Brror. 




grm. 


d«g.O. 




mm. 


deg. 


d«g. 


d«f. 


15 


1.61 


23.7 


8 


100 


-0.672 


-88.0 


±0.5 


13 


1.19 


26.6 


10 


100 and 200 


0.472 


39.7 


0.6 


14 


1.08 


24.0 


7 


100 


0.426 


80.4 


0.0 


16 (dilated) 


0.94 


22.6 


8 


200 and 300 


0.364 


88.8 


1.2 


18 (diluted) 


0.60 


23.0 


6 


200 and 300 


0.226 


37.8 


1.8 


14 (diluted) 


0.47 


23.6 


10 


200 and 800 


0.172 


36.7 


1.3 



The weighted mean of the last column but one gives 

with a probable error of less than half a degree. 

SodiurnrcUoride-poUiBnum'hydroocide Solution. 

A remnant of Solution 15 (diluted), containing 90 cubic 
centimeters, was made up in a graduated flask to 100 cubic 
centimeters with an 8 per cent potassium-hydroxide solu- 
tion. The solution thus formed contained, in 100 cubic 
centimeters, 0.85 gram of flax-seed globulin, 9 grams of sodium 
chloride, and 0.8 gram of potassium hydroxide. 

The color of the solution was changed by the potassium 
hydroxide from a bright yellow to an orange tint, which made 
it more difficult to measure the rotation, even with a 100- 
millimeter tube. As a result of four measurements with a 
100-millimeter tube at the temperature of 28® C, the rotation 
of the plane of polarization was found to be —0.464° ± 0.018. 
This would give as the specific rotation of flax-seed globulin 
in such an alkaline solution, 

(a),> = -646° ± 1.6° 
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IV. Brazil-nut Globulin. 
Preparation and CampoHtian, 

The globulin obtained from the Brazil nut was chosen for 
investigation because it differs somewhat in its chemical 
composition and reactions from the two previously studied. 
These differences are regarded by Osborne as sufficient to 
warrant its being classed as a distinct proteid body.* The 
preparations used in this investigation were obtained by the 
following methods: 

A fine white meal was prepared from the meat of the Brazil 
nut by grating it, extracting the oil with benzine, and then 
sifting it through a fine sieve. Two methods were employed 
to obtain the globulin. By the first it was extracted from 
the prepared meal with distilled water at 60® C. and then 
precipitated by cooling. This precipitate was collected on a 
filter and washed successively with dilute alcohol, absolute 
alcohol, and^ether, and dried, after the evaporation of the 
ether, over sulphuric acid. By the second method the globu- 
lin was extracted from the prepared meal with a 10 per cent 
sodium-chloride solution at 20° C. and the extract submitted 
to dialysis for a few days. The resulting precipitate was 
collected on a filter and washed and dried in the same manner 
as that obtained by cooling from the water extract. The 
second method gave the largest yield of globulin, aud was on 
the whole found to be the more satisfactory, although the 
preparation was not as well crystallized as that from the 
water extract. In neither case were the globulin crystals as 
perfect as those obtained from the flax-seed and hemp-seed. 
The Brazil-nut globulin crystals varied in form from a thin 
hexagonal plate, through more or less rounded forms, to a 
perfect spheroid. The most common form, and in fact the 
only one foimd in the globulin precipitated by cooling, was a 
thick hexagonal plate with every other angle rounded off. 
In bulk the crystallized globulin appeared as a very fine, pure 
white powder. 

* American Chemical Journal, yoL zIt, p. 687. 
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This globulin from the Brazil nut has been analyzed by 
Sacchse, Ritthausen, and others.* The following analyses are 
given by Osborne : 





CzTitak. 




Bpheroida. 


Carbon . . . 
Hydrogen . . 
Nitrogen . . 
Sulpliur . . . 
Oxygen . . . 

Totals . . . 


62.18 
6.92 

18.80 
1.06 

21.64 


62.86 
6.06 

18.16 
1.12 

21.41 


62.16 
6.08 

18.82 
1.07 

21.47 


100.00 


100.00 


100.00 



The writer found the percentage of ash to be 0.42 per cent 
in the globulin preparation obtained by cooling a hot aqueous 
extract of the Brazil-nut meal. 

SodiuwrcKloride Solutions. 

The globulin from the Brazil nut was quite soluble in a 10 
per cent sodium-chloride solution, forming a rather dense 
opaque fluid — so opaque to sodium light that it was dif- 
ficult to measure its specific rotation, even with solutions 
containing from 0.5 to 1.0 per cent of the proteid. The 
opacity of its solutions and the limited quantities in which 
this globulin could be prepared prevented an extensive in- 
vestigation of its rotary properties. As with the flax-seed 
globulin, the specific rotation of the Brazil-nut globulin was 
only determined for solutions with sodium chloride. 

Three solutions of this globulin in a 10 per cent sodium- 
chloride solution were prepared. The crystallized globulin 
used in solutions numbered 17 and 19 was obtained by cooling 
a hot (60** C.) water extract of fet-free Brazil-nut meal. 
That used in Solution 18 was obtained by dialysis from a cold 
(20** C.) 10 per cent sodium-chloride extract of the Brazil- 
nut meal. This last solution was of a whitish color and 
much more opaque to sodium light than the others. After 
repeated dilution a measurement of its rotary power was 

* American Chemical Journal, toI. ziv, p. 660. 
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finally effected, but the result was so poor that no attempt 
was made to determine the small correction for the ash 
present 

The results of drying the solutions down at 110° C. and 
of the polarimeter observations are shown in the following 
table: 



Ho. of 
Bolatkm. 


Oloba- 
linin 
100 0.C 


Tun- 


No. of 

MOM- 

oie- 
mentB. 


Lragthof 
Tube. 


Mean 
Botper 
100 mm. 


(«)i>. 


Prob- 
able 
Brror. 


Bemarki. 




grm. 


deg.C. 




mm. 


deg. 


deg. 


deg. 




17 


2.13 


22.8 


6 


100 


-0.866 


-40.75 


±0.4 




17 (di- 


0.92 


20.8 


12 


100 and 200 


0.866 


89.9 


1.9 




luted) 


















19 


0.92 


2S.3 


6 


100 


0.890 


42.5 


1.3 




18 


0.77 


22 8 


2 


100 


0.285 


87.1 


2.4 


Not corrected 
for ash. 


17(redi. 


0.55 


20.3 


7 


200 and 300 


0.184 


88.5 


1.5 


Unreliable ; 


luted) 
















trace of ether. 


19 (di- 


0.45 


22.7 


9 


200 


0.178 


88.1 


0.9 




luted) 



















The values found for (a)j^ are not very concordant or accu- 
rate, but are the best that the writer could obtain with such 
opaque solutions. Omitting the value —83.5°, which was 
somewhat doubtful, and the value 87.1°, which was not cor- 
rected for ash, the weighted mean of these is 

(a)^ = -40.3°. 

Sodium-^Mortde-potaastum-ht/droxide Solution. — When po- 
tassium hydroxide was added to a sodium-chloride solution of 
Brazil-nut globulin the resulting solution had to be made much 
more strongly alkaline to prevent precipitation than with 
solutions of either flax-seed or hemp-seed globulin. 

Sixty-nine cubic centimeters of Solution 17, diluted, were 
made up with an 8.2 per cent potassium-hydroxide solution to 
100 cubic centimeters. The resulting solution contained, in 
100 cubic centimeters, 0.633 gram of ash-free globulin, 6.90 
grams of sodium chloride, and 2.55 grams of potassium 
hydroxide. 



Digitized by VjOOQIC 



142 



THE ROTARY PROPERTIES OF 



The rotary power of this solution was determined within 
three hours after making up, and again after heating to 50^ C. 
for twenty minutes, with the following results : 





Globulin 

la 
100 a 0. 


No. 

of 

MflMiue- 

iDAnta. 


Tttbo. 


Mean 
Botetlon 

loTJLn. 


(«)i>. 


Prob- 
able 
Brror. 




Before heating 
After heating 


gnn. 
0.68 
0.68 


6 
6 


mm. 
100 
100 


-0.370 
0.864 


dag. 
-68.6 
67.6 


deg. 

±1.2 
1.3 


) Temperature 
S about 200 C. 



The value of (a)i> obtained after warming the solution 
agrees, within the limits of error, with that obtained before 
warming it. It is therefore obvious that the full action of the 
alkali is exerted without the aid of heat.* 

V. SUMMABY AND CONCLUSIONS. 

The specific rotation obtained from 10 per cent sodium- 
chloride solutions, containing about 1 per cent of proteid 
matter, were as follows: 



Hemp-seed globulin 
Brazil-nut globulin 
Flax-seed globulin . 



(a)„ = -41.6o 
(a)D = --40 50 
(a)D = --38.60 



The differences in the rotary powers of these substances are 
not very large or unexpected when we consider the slight 
differences in their chemical composition and behavior, and 
in their content of ash. 

Effect of DiltUion. — ^The observations made with sodium- 
chloride solutions of these globulins showed in general a de- 
crease in the rotary power with the percentage of proteid in 
solution, although the observations were not sufficientiy accu- 
rate to determine the rate of this decrease. 

Uffect of Temperature. — As already stated, the changes in 
the specific rotation with the temperature were apparently 
very slight, and no attempt was made to determine them. 

* In summarizing, the values of (0)0 are given to the nearest 0.6^. 
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Uffect of Solvent. — ^The following results obtained with the 
globulin from hemp-seed show that the salt solution used as a 
solvent was not without influence on its rotary power : 



SolTent. 
10 per cent sodium-chloride solution . . 
10 per cent ammonium-sulphate solution . 
10 per cent sodium^ulphate \ solution 

Equals 5 per cent anhydrous salt ) 



Value of (a)^. 
-41.50 
-40.00 

-88.50 



Alkaliralbumins. — The differences in the specific rotations of 
the globulins studied have already been noted. Their alkali- 
albumins also differ in their rotary powers in the same order, 
as the following table shows : 



FMCfiUk 


Peroent 
Froteld. 


Fbroent 

NaCL 


Ftoroe&t 
KOH. 


Value (a),>. 


Hemp-seed globulin . . . 
Brazil-nut globulin . . . 
Flax-seed globulin . • . 


0.76 
0.66 
0.85 


9.0 
6.9 
9.0 


0.8 

2.55 

0.8 


-61.70* 
-58.0ot 
-54.50 



Alkaline and Acid Solutions. — The globulin from hemp-seed 
was the only one whose rotary power was investigated in dilute 
alkaline and acid solutions. In general, as with other proteids, 
the effect of the alkali or acid was to increase the specific 
rotation from 50 to 100 per cent, this increase being great- 
est in the acid solutions. Except in the sodium-carbonate 
solution, the increase in the rotary power took place almost 
immediately, and heating the solution did not materially alter 
its value. When dissolved in 0.2 per cent hydrochloric acid 
there was at first a large increase and then a slight decrease in 
the rotary power of the proteid. The following are the results 
obtained with alkali and acid solutions : 

* This was the ralue of {0)0 after heating the solution. Heating in- 
creased it. 

t Heating this solution did not matex;iall7 affect the value of (a)^. 
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BolTent. 



Per cent 
Proteid. 



(a)D- 



0.18 per cent potassium hydroxide 
0.20 per cent sodium carbonate 

0.26 per cent hydrocliloric acid . . 



2.2 I 
1.8 



-63.60 
-48.50 
^50.0«> 
-64.0° 
-86.60 
-81.00 
—82.00 
-83.60 



within an hour 
after heating 
within an hour 
after 6 hours 
after heating 
within 2 hours 
after 20 hours 
after heating 
after 84 days 



It is worth noting that the specific rotations of the animal 
and vegetable globulins, so far as known, lie between — 88** 
and -48°, or perhaps within still closer limits. Besides those 
studied by the writer, the specific rotation of serum globulin 
is —48°, that of fibrinogen lies between —45° and —60°, and 
we have good reason for believing that that of egg globulin is 
about -40°. 

In conclusion, the writer desires to acknowledge his indebted- 
ness to Prof. R. H. Chittenden and Dr. L. B. Mendel, of the 
Sheffield Scientific School, for assistance and suggestions in 
the preparation of the proteids and their solutions ; the success 
of this investigation is due in a large measure to their able and 
hearty co-operation. And also to Prof. C. S. Hastings, of the 
same institution, in whose laboratory the polarimeter observa- 
tions were all made. 
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THE CHEMICAL COMPOSITION AND NUTRITIVE 
VALUE OF SOME EDIBLE AMERICAN FUNGI.* 

By LAFAYETTE B. MENDEL. 

The collection and spreading of information regarding 
fungi has lately received considerable attention. The efforts 
in this direction have been confined for the most part to de- 
scriptions of the common species, their peculiarities of growth 
and distribution. Especial consideration has been devoted to 
the variations among the fungi as regards toxicity ; but accur- 
ate statements regarding chemical composition and possible 
nutritive value are largely wanting. The following extract 
from a recent monograph will serve to illustrate the current 
opinions. In referring to the edible mushrooms, it states: 
"The general opinion is, that mushrooms constitute a very 
nutritious and sustaining diet. Chemical analysis and personal 
experience indicate this. The former has shown that in their 
dry matter they contain from 20 to 50 per cent of protein or 
nitrogenous material. They may, therefore, well be called 
a kind of vegetable meat, and be used as a substitute for 
animal food. Like other vegetables they are largely com- 
posed of water, which is from 80 to 90 per cent of the 
whole. . . . The presence of so much nitrogenous material 
induces rapid decay and loathsome decomposition in them. 
... A hearty meal on mushrooms alone would be about as 
reasonable as a dinner on nothing but beefsteak, and might be 
expected to be followed by similar ill consequences."! 

In view of the increasing importance of fungi as articles of 

• Reprinted from the American Journal of Physiology, vol. I. 

t Peck C. H., Report of the New York State Botanist, 1805, p. 113. 
Cf. also Peck, Mushrooms and their uses, 1897, p. 4. For the source of the 
statements quoted. Professor Peck has referred the writer to the Atlas of 
Champignons, by Richon and Ros^, and to Les Champignons, by Cordier — 
both of which it has been impossible to consult. 

10 
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diet, the writer has gladly followed the suggestion of Professor 
Chittenden to ascertain something more definite regarding the 
composition of edible mushrooms, with particular reference to 
their nutritive qualities. 

Methods. — Specimens were obtained from various sources, 
and in some instances different samples of the same species 
were examined.* The common methods of studying the com- 
position of agricultural products have been adopted, the direc- 
tions given by the Association of Official Agricultural Chemists 
being closely followed in most instances.! The mushrooms 
were cut up finely and thoroughly mixed. Samples were 
taken for the determination of moisture, while the bulk of the 
material was dried on a water-bath and then ground up to a 
fine powder. Dried to constant weight at 105*^ C, this 
served as material for analysis. 

A%h was determined in the usual way, the incineration being 
carried on with the lowest possible heat. The mushrooms 
employed were previously cleaned with considerable care, and 
thus an excess of inorganic impurity, such as sand, was 
avoided. 

Ether extract was obtained by treating the material with 
anhydrous and alcohol-free ether in a Soxhlet extractor for six- 
teen hours, the extract being finally dried in vacuo to constant 
weight. Recently BugdanowJ has shown that this method is 
insufficient to remove the last traces of fats completely from 
some vegetable materials, even when they are finely divided. 
The error is not sufficiently large, however, to affect the 
general conclusions from the analyses. In order to examine 
the extract for cholesterin it was saponified in the usual way 
with alcoholic potash. Cholesterin (or closely allied sub- 
stances) was detected by Salkowski's reaction ; but the method 
of separation employed obviously does not exclude the possi- 

• Acknowledgment is gratefully made of specimens obtained through the 
courtesy of Mr. HoUis Webster, of Cambridge, and Captain McUvaine, of 
Philadelphia. The material used has in every case been identified, or tct- 
ifled, by Dr. A. W. Eyans, to whom our thanks are due. 

t See Wiley, H. W. : Agricultural Analysis, 1897. 

X Bugdanow : Archly f. d. ges. Physiol, 1897, Ixviii, p. 40a 
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bility of this substance existing in combination with fatty 
acids in the fungi.* 

Chrude fiber was determined according to Wiley's method,! 
in the residue left after extractions with ether. 

Total nitrogen was found by the Kjeldahl method, duplicate 
determinations always showing a very close agreement It is 
customary in agricultural analysis to express the results thus 
obtained, and multiplied by the factor 6.25, as " crude pro- 
tein." The latter term is thus made to include albuminoids 
and extractive bodies as well as the proteids proper.^ Not 
only do these individual groups possess quite variable signifi- 
cance as foods, but this investigation has further demonstrated 
that such calculations may lead to quite erroneous conclusions. 
In the mushrooms, at least, a considerable part of the nitrogen 
probably exists as non-proteid nitrogen, a portion even belong- 
ing to the so-called crude-fiber, or cellulose elements of the 
f ungi.§ In a large number of our analyses an attempt has 
been made to separate the nitrogen of the extractive bodies 
(amide-nitrogen, etc.) by treating a portion of the material 
repeatedly with boiling 86 per cent alcohol, so long as any- 
thing could be removed. The nitrogen content of the alco- 
holic extract having been determined, and then calculated on 
the material used, is designated as extractive nitrogen.\\ The 
amount of alcohol-soluble material was ascertained at the same 
time, by filtering the undissolved extraction residues on 
weighed filters and drying at 105** C. to constant weight. 
The difference between the total nitrogen and extractive nitro- 
gen is provisionally given as protein nitrogen^ though, as 
stated above, there is at present no justification for expressing 

* Cf. Hfirthle, K., Ueber die Fettsaure-Cholesterin-Ester des Blutes. 
Zeitschr. fttr physiol. Chemie, 1896, xxi, p. 362. 

t Wiley. Agricultural Analysis, 1807, iii, p. 304. 

X Cf. Atwater, W. O., Foods : Nutritive Value and Cost Farmers' Bulle- 
tin, No. 23, pp. 6, 6. U. S. Dept. of Agriculture, 1894. 

§ Winterstein, Berichte der deutsch. botan. Gesellsch., zi, p. 441; also 
Zeitschr. fUr physiol. Chemie, 1894, six, p. 621; 1896, xxi, p. 134; Gilson, 
La cellule, xi, ler fascicule. 

11 Cf. Momer, C. Th., Zeitschr. fUr physiol. Chemie, 1886, x, 506. 
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the results as pure protein. Indeed, as will be pointed out 
later, this so-called protein nitrogen, in the present instance, 
contains a large proportion of nitrogen in a form wholly 
unavailable for the nutrition of the body. 

Soluble carbohydrates were determined in an approximate 
manner by extracting the dry substance repeatedly with hot 
Water and then boiling the extract for ten hours with hydro- 
chloric acid of 2 per cent resulting strength. The sugar was 
determined as dextrose in the neutralized fluid, by the Allihn 
giavimetric method. 

XzperixnAiital data. — Coprinm eomatus (Shaggy coprinas). The specimenB 
were freshly gathered and had not yet turned "inky." They varied very 
widely in size, thirty-six mushrooms weighing 1486 grams, of which 080 grams 
belonged to the caps (pileus) and 606 grams to the stems. The arerage 
weight of a fresh specimen was thus : 

Fileus 27 grams 

Stem 14 " 

Totel weight 41 " 

A specimen which had attained the ayerage growth weighed : 

Fileus 43 grams 

Stem 26 " 

Total weight 68 ** 

An analysis yielded the following results : 

Water 02.19 per cent 

Total solids 7.81 " " 

The dry substance contained : 

Total nitrogen 6.79 per cent 

Extractive nitrogen 8.87 " " 

Protein nitrogen 1.92 " " 

Ether extract 3.8 " " 

Crude fiber 7.3 ** " 

Ash 12.6 " " 

Material soluble in 86 per cent alcohol . . 66.3 " ** 

Coprinus atramentarius (Inky coprinus). Two separate, freshly gathered 
lots of this species were examined. The one (a) contained six young sronll 
specimens weighing 6.6 grams, or 0.9 gram each ; the other (6) contained 
eight mushrooms weighing 12 grams, or 1.6 grams each. An analysis gave: 
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a. 6. 

Water 02.31 per cent 04.42 per cent 

Total BoUda .... 7.60 « ** 6.68 « " 

The dij substance contained : 

Total nitrogen . . . 4.68 per cent 4.77 per cent 

Ether extract ... 8.1 " " 6.7 " " 

Crude fiber .... 0.3 " « ..."'' 

Ash 16.8 " " 20.1 " " 

MorcheUa esculenta (Common morel). Two lots of this species were ob* 
tained from Stockbridge, Mass. (a) The specimens were of full size. Thir- 
teen morels weighed 106 grams, or an arerage of 16 grams each. (6) Small, 
young morels. An analysis gave : 

a. b. 

Water 80.64 per cent 01.24 per cent 

Total floUds 10.46 •* " 8.76 " " 

The dry substance contained : 

Total nitrogen 4.66 per cent 5.86 per cent 

Extractive nitrogen 1.17 ** " ... 

Protein nitrogen 3.40 " " 

Ether extract 4.8 " " 7.6 " " 

Crude fiber 8.7 « " 0.6 " " 

Ash 10.4 " " 18.6 " " 

Material soluble in 85 per cent alcohol . 20.3 " " 

In the same species Fizzi * has found 0.676 per cent nitrogen, a figure in 
close agreement with the abore results when calculated upon the fresh mate- 
rial, riz. (a) 0.48 per cent N ; (6) 0.47 per cent N. 

PolyporuB sulphureus (Sulphury polyporus). The specimens were obtuned 
from Pennsylyania. An analysis gave: 

Water 70.80 per cent 

Total soUds 20.20 " " 

The dry substance contained : 

Total nitrogen 3.20 per cent 

Extractive nitrogen 1.06 " 

Protein nitrogen 2.23 " 

Ether extract 3.2 " 

Crude fiber 3.0 " 

Ash 7.3 " 

Material soluble in 86 per cent alcohol . . . 27.8 " 

* Pizzi : Botanischer Jahresbericht, 1880, p. 316. 
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PUurotus oatreaius (Oyster mushroom). This mushroom is obtainable in 
large quantities, and though somewhat tough in texture, is universally 
classed with the edible species. Specimens gathered from a tree in New 
Haven contained: 

Water 73.70 per cent 

Total solids 26.30 " " 

The dry substance contained : 

Total nitrogen 2.40 i>er cent 

Extractive nitrogen 1.27 " " 

Protein nitrogen 1.13 " " 

Ether extract 1.6 " « 

Crude fiber 7.6 " " 

Ash 6.1 " ** 

Material soluble in 86 per cent alcohol . . . 81.6 " " 



Clitocybe mukiceps Peck. The material was collected near Boston, in 
June, 1897. A portion of small, young specimens was analyzed separately. 
The results follow: 

Toung Spedmens. Full-grown BpedmeiUL 

Water 80.61 per cent 93.49 per cent 

Total soUds 10.89 " " 6.61 " " 

The dry substance of the full-grown specimens contained : 

Total nitrogen 6.86 per cent 

Extractive nitrogen 8.38 ** ** 

Protein nitrogen 1.98 " " 

Ether extract 6.0 " " 

Crude fiber 9.6 " " 

Ash 11.6 " " 

Material soluble in 86 per cent alcohol . . 67J2 " ** 

A portion of the mushrooms was separated into stems and caps and each 
analyzed separately, with the following results : 

Stem. PUooB. 

Water 94.07 per cent 92.68 per cent 

Total solids 6.93 " « 7.82 « « 

Total nitrogen in dry substance 3.92 « " 6.84 " " 

Ash in dry substance . .' . 12.98 " " 10.82 " " 

The relatively higher content of nitrogen in the pileus corresponds with 
the distribution of proteid as shown by histochemical examination. In 
Agaricus campestris, Boletus edulis, and Boletus scaber, C. Th. Morner 
has found similar differences between the nitrogen content of caps and 
stems.* 

* Morner, C. Th. : Zeitschr. f tir physiol. Chemie, 1886, z, p. 6ia 
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Hypholoma candoUeanum,* The specimens were obtained from East Milton, 
Mass., in June, 1897. A few small, young specimens were also ' obtained 
from Brookline, Mass. Analyses follow : 

Fnll-grown Bpedmeiu. Younger Spedment. 

Water 88.97 per cent 91.97 per cent 

Total solids 11.08 «* " 8.03 " " 

The dry substance contained : 

Total nitrogen 4.28 per cent 4.44 " " 

Extractive nitrogen 1.79 ** " ... 

Protein nitrogen 2.49 " " 

Ether extract 2.50 " " 

Crude fiber 12.10 " " 

Ash 13.90 « " 19.9 " " 

Material soluble in 86 per cent alcohol 44.40 '* " ... 

Agaricus campestris (Common mushroom). Two yarieties of the common 
mushroom were collected in New HaTen. Fifteen specimens of one variety 
weighed 42 grams, an average weight of 2.8 grams each. The analysis gave : 

a. ft. 

Water 87.88 per cent 92.20 per cent 

Total solids 12.12 « " 7.80 « « 

Total nitrogen in dry substance . 4.42 " " 4.92 " " 

Ash in dry substance 11.66 " « 17.18 " « 

Begarding the differences in nitrogen content of cap and stem, compare 
the remarks under Clitocybe multiceps. 

Marasmius oreades (Fairy-ring mushroom). Twenty freshly gathered 
specimens (from New Haven) weighed 9 £p*am8, an average weight of 0.45 
gram each. The analysis gave: 

Water 74.96 per cent 

Total solids 25.04 " " 

Total nitrogen of dry substance 5.97 ** ** 

Ash of dry substance 7.23 " ** 

Cortinarius coUinitus (Smeared cortinarius). Young specimens gathered in 
New Haven early in November, 1897. The analysis gave : 

Water 91.13 per cent 

Total soUds 8.87 " " 

Total nitrogen of dry substance 8.63 " " 

Digeatioii XSzperiments. — In order to procure further data 
regarding the nutrient value of the mushrooms, artificial 

* The specimens corresponded with those described under this name by 
Stevenson in his work on British Hymenomycetes. Mr. Hollis Webster 
has informed the writer that Professor Farlow is inclined to regard them 
as H. apendiculatum. 
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digestion experiments were carried out with seven species of the 
fungi. The procedure was modified after the Stutzer method. 
About 2.5 grams dry substance were treated in a flask with 
100 c.c. of an artificial gastric juice, containing 0.1 gram of very 
active scale pepsin and having an acidity of 0.85 per cent 
HCl. The flasks were frequently shaken, and after remaining 
in a thermostat at 88^ C. for twelve hours, the undissolved 
residue was filtered off, washed free from acid, and again 
treated in the flask for several hours at 38° C. with 100 c.c. 
amylolytically active fresh chloroform-water extract of dog's 
pancreas, a littie chloroform being added to prevent putre- 
faction or fermentation. Sodium carbonate (0.25 gram) was 
then added, followed by 25 c.c. of a proteolytically active 
thymolized extract of dry pancreas powder (Kuhne's method).* 
At the end of seven hours the residue was again filtered on 
a weighed filter, washed thoroughly with hot water, and dried 
at 105° C. to constant weight. Undigested residue was thus 
determined, and the nitrogen content ascertained by the 
Kjeldahl method and expressed as nitrogen in residue. The 
results expressed in percentages of dry substance are tabu- 
lated below. 





I>LiK>lv«d 


Undigested 


Nitrogen 
in 


Total 
Nitro- 
gen. 


Total 
Soluble. 


Total 
Nitrogen 
Inooluble. 




percent. 


percent. 


percent. 


percent. 


percent. 


percent. 


Coprinus comatus . . . 


73.79 


26.21 


4.21 


5.79 


4.69 


1.10 


" atramentarias . 


71.84 


28.16 


2.79 


4.68 


8.90 


0.78 


Clitocybe multiceps . . 
Hjpholoma candolleanum 


62.43 


37.67 


1.96 


5.36 


4.68 


0.73 


68.02 


31.98 


3.63 


4.28 


3.12 


1.16 


Morchella esculenta . . 


60.58 


49.42 


4.16 


4.06 


2.61 


2.06 


Pleurotus ostreatus . . . 


40.67 


69.43 


1.89 


2.40 


1.68 


0.82 


Polyporus sulplmreug . . 


46.00 


56.00 


1.06 


3.29 


2.71 


0.58 



DlscuBsion of the Analytical Data. Nitrogen and Protein, 
From the results obtained it is evident that the nitrogen (and 
proteid) content of the mushrooms (or at least those species 
examined) is considerably smaller than is ordinarily stated. 

• See Chittenden and Cummins, Studies from the Laboratory of Phyaio- 
logical Chemistry, Yale University, i, p. 109. 
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Thus Pavy, quoting from Payen's analyses, announces that 
in the dried state ^' mushrooms contain 52 per cent, morels 
44 per cent, white truflBes 86 per cent, black ti-uffles 31 per 
cent, nitrogenous matter."* In a number of species we have 
determined not only the total nitrogen, but also the extractive 
(non-proteid) nitrogen as well as the nitrogen in the residue 
insoluble after artificial gastric and pancreatic digestion. The 
"protein" nitrogen multiplied — after deduction of the nitro- 
gen in the undigested residue — by the factor 6.25 will give 
an approximation to the amount of proteid material available 
through the digestive processes going on in the alimentary 
canal, and thus throw some Ught on the true nutritive 
value of the mushrooms. It is here assumed that the nitro- 
genous bodies soluble in alcohol are likewise soluble in 
the digestive fluids; as to the possible presence of alcohol 
soluble proteids like zein, gliadin, etc., definite information is 
wanting at present. 

The first table following gives a summary of the nitrogen 
content of various species; in the second table the amount 
of available proteid has been calculated in the manner re- 
ferred to. 



The Peroentafpes are Calottlated on the 
Dry Substance. 



Total 
Nitrogen. 



Extractive 
Nitrogen. 



'«Gnide protein" 
Nitrogen. 



Coprinus comatus . . . 
Pleurotas ostreatus . . * 
Morchella esculenta . . 
U^'pholoma candolleanum 
Clitocybe multiceps. . . 
Polyporus salphureus . . 
Agaricus campestris— a . 
*• ♦* 6 . 

Coprinus atramentarius — a 
6 
Morchella esculenta (young) 
Marasmius oreades . . . 
CortinariuB coUinitus . . 
Ujpholoma candolleanum (young) 



percent. 
6.79 
2.40 
4.66 
4.28 
5.86 
8.29 
4.42 
4.92 
4.68 
4.77 
6.36 
6.97 
3.63 
4.44 



percent. 

3.87 
1.27 
1.17 
1.79 
3.38 
1.06 



percent. 
1.92 
1.18 
3.49 
2.49 
1.98 



• Pavy, Food and Dietetics, 1881, p. 187. 
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n. 





Nitrogen 
InaolQble in 
85^ Alcohol. 


Nitrogen in 

Residue from 

Digestion. 


Nitrogen of 

Proteid 
Dissolved in 


Digestible 

Proteid 
(N X 6.2B). 


Morchella esculenta . . . . 
Hypholoma candoUeanam . 
Coprinus comatus .... 
Clitocybe multiceps .... 
Polyporus sulphureus . . . 
Pleurotus ostreatus .... 


per cent. 
3.49 
2.49 
1.92 
1.98 
2.23 
1.13 


per cent. 

2.06 
1.16 
1.10 
0.73 
0.68 
0.82 


per cent. 
1.44 
1.88 
0.82 
1.26 
1.66 
0.81 


9.00 
8.31 
5.12 
7.81 
10.81 
1.94 



In considering the relatively high nitrogen content of the 
residue resisting digestion, it is to be noted that this is not 
necessarily derived from unattacked proteids. Winterstein * 
and others have shown that the "cellulose" preparations 
obtained by the usual methods from various fungi contain a 
considerable percentage of nitrogen ; thus a preparation from 
Boletus edulis contained 6.6 per cent N, and this substance, 
like similar preparations from Agaricus campestris, Morchella 
esculenta, and other forms, yields glycosamin, CeHnOj • NHj, 
on decomposition with HCl. It is thus allied to the chitin 
found in the animal kingdom; further investigation in this 
direction is highly desirable. 

It is of interest in this connection to compare the results 
obtained by C. Th. MOmer f in an investigation of thirteen 
species of fungi common in Sweden, Nitrogenous constitu- 
ents alone were considered, total N and extractive N, as well 
as digestible and indigestible N being determined by methods 
analogous to those used in the present research. Morner's 
results, summarized in the following table, show a close agree- 
ment, in general, with those already given for different 
American species. 

• Winterstein, loc. cit. ; also, Bench te der deutschen chemischen Geseil- 
schaft, 1894, xxvii, p. 8118 ; xxviii, p. 167. 

t Morner, C. Th., Zeitschr. fiir phjsiol. Chemie, 1886, x, p. 608. 
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The B«ralts are Bzpreued m 

Percentage of Dxy 

Babatanoe. 



Agaricus procerus (cap) 
Agaricus campestris (cap) 
Agaricus campestris (stem) 
Lactarius deliciosus . 
Lactaritu torminosus 
Cantharellas cibarius 
Boletus edulis (cap) . 
Boletus edulis (stem) 
Boletus scaber (cap) . 
Boletus scaber (stem) 
Boletus luteus . . . 
Polyporus ovinus . . 
Hydnum imbricatnm 
Hydnum repaudum . 
Sparassis crispa . . 
Morchella esculenta . 
Lycoperdon Bovista . 



0.28 
0.36 
0.10 
0.21 
0.17 
0.08 
0.16 
0.14 
0.18 
0.12 
0.22 
0.08 
0.08 
0.16 
0.09 
0.22 



2.71 
8.29 
2.78 
1.20 
0.79 
0.71 
1.94 
1.62 
1.48 
0.87 
0.48 
0.42 
0.77 
1.08 
0.37 
1.97 
8.13 



2.99 
3.64 
2.88 
1.41 
0.96 
0.79 
2.10 
176 
1.66 
0.99 
0.70 
0.60 
0.86 
1.23 
0.46 
2.19 
8.13 



1.27 
1.17 
1.09 
1.06 
1.00 
1.46 
0.66 
0.67 
0.86 
0.62 
1.06 
0.84 
0.76 
1.66 
0.40 
1.90 
2.70 



4.21 
4.89 
4.04 
2.61 
1.94 
2.29 
2.73 
2.86 
2.64 
1.71 
1.77 
1.36 
1.69 
2.78 
0.97 
4.18 
6.79 



2.02 
2.49 
1.98 
0.60 
0.68 
0.40 
1.14 
0.96 
0.68 
0.48 
0.74 
0.46 
0.96 
0.74 
0.21 
0.81 
2.40 



6.28 
7.38 
6.02 
8.11 
2.62 
2.69 
8.87 
3.30 
3.12 
2.19 
2.61 
1.80 
2.66 
3.62 
1.18 
4.99 
8.19 



Ether Bxtraot. — The amount of ether extract varied from 
1.6 to 7.6 per cent in different species, as shown in the follow- 
ing summary of results. 



ETHER EXTRACT. 




Spedes. 


culatedon 
Dry Bubataaoe. 


CholeBterln. 


Morchella esculenta (young) . 


7.6 


Present 


Clitocybe multiceps .... 


6.0 


Present 


Morchella esculenta .... 


4.8 


Present 


Coprinus comatus 

Polyporus sulphureus .... 


3.3 


Present 


8.2 


Present 


Copnnus atramentarius . . . 


8.1 


Present 


Hypholoma candoUeanum . . 


2.6 


Present 


Pleurotus ostreatus .... 


1.6 


Present 



Gr^rard* examined the extract from Lactarius vellereus 
and L. pipeiatus, and found oleic and stearic acids present both 
as glycerides and as free acids. Volatile fatty acids were also 

* Gerard, Journal de pharmacie et de chimie, 1890, 6 S^rie, xxi, p. 408 ; 
ibid. 1891, xxiii, p. 7. References to the earlier literature will be found in the 
first of these papers. 
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obtained, together with cholesterin or a closely related body 
(ergosterin), and evidences of lecithin. In the present re- 
search both fats and free fatty acids were found, and 
cholesterin reactions were obtained in every instance, the 
quantitative relations apparently varying considerably in the 
different species. 

Alcohol Extract. — The following summary shows the 
amount of material soluble in warm 85 per cent alcohol in a 
number of species. 

ALCOHOL EXTRACT. 





Ptoroentage of 






Soluble MateriaL 


Nltrogm DiBBolTed. 


Clitocybe multiceps . . . 


57.2 


S.S8 


Coprinas comatus . . . 


66.8 


8.87 


HyphuloniR candolleanum 


44.4 


1.79 


Pleurotus ostreatus . . . 


Sl.5 


1.27 


Morchella escalenta . . 


29.3 


1.17 


PolyporuB salphureus . . 


27.8 


1.06 



Inorganlo ConstitaentB. — The amount of ash varied some- 
what, as shown in the table below. Among the bases present, 
K, Na, and sometimes Ca are to be found, the K being quite 
abundant. Iron was always present. Of acids, phosphoric 
and sulphuric predominated, chlorine being occasionally found. 

ASH. 



The Percentages are Calculated on the Dry Subetanoe. 



Coprinas atramentarius, — a 

•• " — 6 (young) . . 

" comatus 

Hypholoma candolleanum — a . . . . 

" " — h (young) . 
Morchella esculenta — a 

" '• —6 (young) . . . 
Agaricus campestris — o 

" " — b 

Clitocybe multioeps 

" (stems) 

" " (pileus) 

Polyporus sulphureus 

Marasmius oreades 

Pleurotus ostreatus 



Percent. 



16.8 
20.1 
12.5 
18.9 
19.9 
10.4 
13.6 
11.7 
17.2 
11.6 
18.0 
10.8 
7.8 
7.2 
6.1 
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Crude Fiber. — Under this name is included the residue 
resistant to boiling acids and alkaUs, and scarcely to be con- 
sidered as homogeneous in nature. The results of the analy- 
ses are tabulated below. 

It has already been pointed out that the cellulose of the 
fungi contains nitrogen in many instances, and Winterstein * 
has shown that the latter is not due to proteids or nucleins 
mechanically included ; the nitrogen probably belongs to the 
" cellulose " itself. All attempts to separate the nitrogenous 
constituent from the portion which yields sugar on hydroly- 
sis have failed. 

CRUDE FIBER. 



The Fttroentages are Calculated on 


Percent. 


Hypholoroa candolleanum 

Clitocjbe multiceps 

Coprinus atramentarius 

Morchella e»culenta (joung) 

Morcheila esculenta 

PleurotuB ostreatus 

Coprinus coroatus 

PolyporuB sulphureua 


12.1 
9.6 
9.8 
9.6 
8.7 
7.5 
7.8 
8.0 



Soluble CarbohydrateB. — A considerable portion of the 
solids of the mushrooms is made up of soluble carbohydrates, 
while starch is ordinarily not found. Trehalose, a carbohy- 
drate of the formula CisHajOn, and resembling maltose in 
some respects, has been isolated from a number of species ; f 
and in an extensive series of investigations Bourquelot % has 
described a number of carbohydrates including mannite. 

In order to get some idea of the amount of soluble carbo- 
hydrates present a number of experiments were carried out 
in the manner described under the methods of analysis. Since 
trehalose, for example, cannot be quantitatively converted 

* Winterstein, Berichte d. deutsch. chem. Gesellsch., xxviii, p. 167; 
Zeitschr. fiir physiol. Chemie, 1894, zxix, p. 621. 

t Winterstein, Zeitschr. fttr physiol. Cliemie, 1894, xix, p. 70. The refer- 
ences to earUer literature are given. 

X These investigations were published in a series of papers in the Comptes 
Rendus and other scientific Journals. 
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into dextrose by hydrolysis with acids,* the results of analysis 
must be somewhat low. Nevertheless the data may be of 
comparative interest as indicating a high content of soluble 
carbohydrate. 

DEXTROSE FROM HYDROLYSIS OF WATER-SOLUBLE 
CARBOHYDRATES. 





Peront. 


Pleurotus ostreatus 

Coprinus comatus 

Morchella esculenta 

Polyporiu sulphupeua 


18.6 
18.0 
16.8 
12.2 



To what extent these soluble carbohydrates are available for 
absorption in their natural form or after digestion it is im- 
possible at present to say. Such qualitative tests as were 
made showed them to be transformed to reducing sugars 
rather slowly by the action of saliva. The large undigested 
residues (26^9 per cent) found in artificial digestions like- 
wise suggest that they are not completely transformed in the 
alimentary canal. Reference may here be made to the obser- 
vations of Stone t in feeding experiments on animals. He 
found that the pentosans, which are so widely distributed in 
vegetable foods, are to a marked degree less digestible than 
the carbohydrates, with which they have usually been indis- 
criminately classed in analyses. 

After the presentation of the preceding analytical data it 
will scarcely be necessary to draw any elaborate comparison 
between the fungi and other well-known vegetable substances 
considered as food-stuffs. It may be well to emphasize the 
deficiencies of the methods commonly followed in estimating 
the proteid content of vegetable foods, and to call attention 
to the erroneous inferences which are consequently drawn 
regarding the nutrient value of these products. Thus it is 
not unusual in the construction of dietetic tables to multiply 

• Winterstein, 18M, loc. cit., xix, p. 77. 

t Stone, American Chemical Journal, 1894, ziv, p. 18. 
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the weight of nitrogen obtained by 6.25 and to express the 
result as " crude proteids." * But even where the precaution 
has been taken to remove non-proteid nitrogenous bodies by 
extraction with alcohol, the application of the " proteid factor " 
(6.25) to the N. of the residue may be quite misleading; for 
our results have demonstrated that the amount of unavailable 
nitrogenous material — largely, if not entirely, non-proteid in 
nature — is frequently equivalent to over half of the non- 
extractive nitrogen present (cf. Table II, p. 154). When it 
is remembered iiiat the various species of mushrooms exam- 
ined contain from 75 to 90 per cent of water, the amount of 
proteid in them appears strikingly small, even when calculated 
on the total nitrogen in the fungi, f For example, Morchella 
esculenta, a species of average composition as regards total 
solids (10.5 per cent) and nitrogenous constituents (0.48 per 
cent N) could contain as a possible maximum only 8 per 
cent of proteid, corresponding in this respect with potatoes, 
peas, green com, etc. ; f the vegetarian would thus be obliged 
to consume several kilos of the fresh morel to obtain the daily 
requisite of 100 grams of proteid. The expression "vege- 
table beefsteak " accordingly seems scarcely appropriate when 
applied to mushrooms in a strictly chemical sense. Moreover, 
the comparative poverty of many species in proteids is corrobo- 
rated by the results of other investigations now in progress 
in this laboratory, the yield of isolated substance being quite 
small. The fungi thus form no exception to the ordinary 
classes of fresh vegetable foods ; indeed, they take a decidedly 
inferior rank in comparison with many. 

The carbohydrate content of the fungi is relatively high ; 
but until more is known regarding the nature and digestibility 
of the carbohydrate constituents of various vegetable foods, 
it will be useless to draw comparisons. As dietetic accessories 
the edible fungi may play an importent part; but investiga- 
tion has demonstrated that they cannot be ranked with the 
essential foods. 

• Cf. Wiley, Agricultural Analysis, 1897, iii, p. 643. 

t Cf. Momer, C. Th., Zeitschr. fur physiol. Chemie, 1886, x, p. 615. 

X Cf . Atwater, W. O., Foods : Nutritive Value and Cost, loc cit, p. 27. 
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PAPAIN-PROTEOLYSIS, WITH SOME OBSERVA- 
TIONS ON THE PHYSIOLOGICAL ACTION 
OF THE PRODUCTS FORMED.* 

By R. H. CHITTENDEN, LAFAYETTE B. MENDEL, and 
H. E. McDERMOTT. 

When papain, the proteolytic enzyme of the papaw plant, 
was first subjected to careful study by Wurtz and Bouchut,! 
it was compared in its mode of action to trypsin, not alone 
because it was active in a neutral medium, but especially 
because of the character of the resultant products. Thus, it 
was stated that by the vigorous action of papain upon blood- 
fibrin, complete peptonization resulted, with the formation of 
some leucin in addition. Naturally, at this time (1879) there 
was no differentiation of proteoses and peptones; hence all 
that the above statement implied was a conversion of tlie 
proteid into a soluble form, precipitable by alcohol and not 
coagulated by heat nor by acids, although the presence of 
leucin would certainly suggest the formation of true peptone. 
Later, Martin J pointed out that the enzyme acts vigorously 
in the presence of sodimn carbonate (0.25 per cent) and that 
as products of digestion there are formed in both neutral and 
alkaline solutions an intermediate globuUn-like body, peptone, 
leucin, and tyrosin, the last two being formed in small quan- 
tity. Here, likewise, the word peptone must be interpreted 
as meaning simply soluble proteid, and not carrjdng the dis- 

* Reprinted from the American Journal of Physiology, vol. i. An abstract 
of this paper was presented at a meeting of the American Physiological 
Society held at Washington, May 4, 1807. See Science, N. S., v, June 11, 1897, 
p. 902. 

t Wurtz and Bouchut, Sur le ferment digestif du Carica papaya. Comptes 
rendus, 1879, Ixxxix, p. 425. Wurtz, Sur la papaine. Contribution ^ I'histoire 
des ferments solubles. Ibid., 1880, xc, p. 1879 ; and xci, p. 787. 

t Martin, S. H. C, Papain-digestiOD. Journal of Physiology, 1884, ▼, 
p. 218. 
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tinction which is now known to exist between the proteoses 
and true peptones. Still later, however, Martin * studied the 
action of papain on the several proteids occurring with the 
enzyme in papaw juice, and found that the globulin present 
there was converted by the enzyme into an albumose (yS- 
phytalbumose), and that this substance was transformed into 
a peptone-like body, which in turn was converted into leucin 
and tyrosin. In this case the peptone-like body referred to 
was presimiably a true peptone in the modem acceptance of 
the term. Working with a somewhat different preparation 
of papain, the writer f observed incidentally that in the diges- 
tion of blood-fibrin and coagulated egg-albumin, deutero- 
albumose and true peptone predominated among the soluble 
products formed : f. e., peptone, non-precipitable by saturation 
with ammonium sulphate. More recently Osswald % has also 
reported that papain, as studied by him, gave rise to the 
formation of peptone in neutral, alkaline, and acid fluids, but 
that digestion was most complete and rapid in a hydrochloric 
acid solution. With regard to the latter part of the statement, 
we are inclined to believe that with most proteids the solvent 
action of papain is greatest in the presence of sodium carbonate 
and Hcarbonate, although a mixture containing a very little 
hydrochloric acid may be more active than a neutral solution 
of the enzyme. Much depends, however, upon the presence 
or absence of extraneous matters in the ferment-preparation 
and on the amount of proteid present by which the presence 
or absence of free acid is determined. This question, however, 
is foreign to our present subject. 

If the solvent action of papain on proteids is really due to 
conversion of the proteids into soluble albumoses and peptone, 
then its action must be compared with that of a true digestive 
enzyme and the process itself accepted as a genuine digestive 

* Martin, The Nature of Papain and its Action on Vegetable Proteid. 
Journal of Physiology, 1885, vi. p. 337. 

t Chittenden, Papoid-digestion. Trans. Conn. Acad. Arts and Sciences, 
1802. ix, p. 321. 

I Osswald, Untersuchungen iiber das Papain (Reuss). Miinchener med. 
Wochenschr., 1894, No. 34. 

11 
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process. In this connection it will be remembered that the 
corresponding vegetable enzyme bromelin, the proteolytic 
ferment of pineapple juice, is a true peptone-foiining enzjrme.* 
In fact, it resembles trypsin very closely in its ability, under 
suitable conditions, to transform the proteid undergoing diges- 
tion into true peptone. It is, of course, hardly to be expected 
that these vegetable enzymes will prove to be identical in 
every respect with the corresponding enzymes of animal origin. 
Indeed, we already know that in the action of bromelin there 
are certain minor differences at least in the primary or side- 
products formed as compared with those resulting from gastric 
and pancreatic digestion. There has, however, been no reason 
for doubting the ability of papain to form true peptone, 
although it must be admitted that since exact methods of 
separating albumoses or proteoses from true peptones have 
come into use, no one, so far as we are aware, has isolated the 
pure peptone or determined the extent or rate of its formation 
in papain-digestion. On the contrary, within the last few 
years, the statement has come from several sources that papain 
has no power whatever to form peptone ; that its solvent or 
digestive action on proteids is limited to the production of 
proteoses and that peptone is never formed. Thus, Gordon 
Sharp t states that on warming coagulated egg-albumin with 
one-tenth its weight of papain and a hundred volumes of 
water for eighteen hours, no peptone could be detected either 
by saturating the digestive mixture with ammonium sulphate 
and testing the filtrate with the biuret test, or by dialyzing 
the digestive mixture and testing the diffusate (after one 
hourl) with phosphotungstic acid and by the biuret test. 
Albumoses, however, were formed. In a second communica- 
tion X the same writer states that by the action of papain upon 

• Chittenden. On the Proteolytic Action of Bromelin, the Ferment of Pine- 
apple Juice. Journal of Physiology, 1894, xv, p. 249. 

t Sharp, Papain-digestion : Complete Absence of Peptone. Pharm. J. 
Transact^ liii, p. 683, Edinburgh ; Abstract in Chemisches Centralblatt, 1894^ 
i, p. 512. 

X Sharp, The Action of Papain upon Egg- and Serum-Albumin In Acid and 
Alkaline Solution. Pharm. J. Transact., liii, p. 767, Edinburgh; Abstract in 
Chemisches CentralbUtt, 1894, i, p. 830. 
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egg-aLbumin and sermn-cdbumin in neutral, acid, and alkaline 
solutions peptone is never formed. Further, the opinion is 
expressed that the formation of peptone by papain is, on bio- 
logical grounds, not to be expected, since the function of the 
ferment in the plant consists merely in transforming proteids 
into soluble compounds adapted for circulation through the 
open vessels, whereas in pepsin-digestion, on the other hand, 
the products of proteolysis must be adapted for absorption by 
osmosis prior to their distribution and utilization in the body. 
Lastly, it may he mentioned that Dott * in a comparative study 
of papain and pepsin has likewise found that the former 
enzyme, unlike pepsin, is not able to form peptone from egg- 
albumin. If these statements are correct, then, obviously, 
papain is quite different in its mode of action from other 
proteolytic enzymes, and the fact, if such it is, should be clearly 
established. There would seem to be no great difficulty in 
arriving at a definite conclusion regarding the matter, and the 
following experiments have been undertaken with a view to 
throwing some light upon the question. 

In a preliminary experiment, coagulated egg-albumin (from 
a dozen eggs) was mixed with 800 c. c. of 0. 2 per cent sodium 
carbonate solution, 1 gram of commercial papain added, and 
the mixture, contained in a closed flask with a little thymol, 
warmed at 40"* C. for three days. Further ferment action was 
then stopped by boiling, the undissolved matter removed by 
filtration, the filtrate neutralized with acetic acid, filtered from 
the precipitate which resulted, and further concentrated. 
From this concentrated fluid the proteoses were precipitated 
collectively and completely by saturating the fluid while 
boiling hot with ammonimn sulphate, — carrying out the 
saturation in a neutral, acid, and ammoniacal fluid succes- 
sively, as recommended by Ktihne f for the complete separation 
of proteoses from peptone. On testing this proteose-free 

* Dott, Comparison of the Digestive Action of Papain and Pepsin. Pharm. 
J. Transact., lili, p. 758, Edinburgh ; Abstract in Chemisches Centralblatt, 
1894, i, p. 881. 

t Kahne: Erfahmngen Uber Albumosen und Peptone, Zeitschrift fttr 
Biologie, 1882, xxix, p. 1. 
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filtrate with the biuret test, giving due heed to the necessity 
of adding sufficient potassium hydroxide to decompose all of 
the ammonium salt present, an intense reaction for peptone was 
obtained. Indeed, it was quite evident from the character of 
the reaction that a fairly large percentage of true peptone had 
been formed. 

A similar experiment was tried with coagulated blood-fibrin, 
this form of proteid being warmed at 40° C. for two days 
with 1 gram of papain in 800 c. c. of 0.4 per cent sodium 
carbonate, a little thymol being present. On removal of the 
proteoses with ammonium sulphate, as described above, a 
strong biuret reaction was obtained in the filtrate, thus show- 
ing the formation of true peptone. 

Obviously, one possible danger in experiments of this order, 
where an alkaline fluid containing so much admixed proteid 
is warmed at 40° C. for two or three days, is bacterial coji- 
tamination by which putrefaction may be incited. In the two 
preceding experiments, thymol was made use of to obviate 
this danger, but in the next experiment chloroform and sodium 
fluoride were likewise employed, as f oUows : 



1 


2 


8 


4 


GO grams fibrin • 
500 C.C. 0.25% 

Na^COg 
5 c.c. chloroform 

1 gram papain 


60 grams fibrin 
500 c.c. 0.25% 

Na^COg 
2.5 grams thymol 

1 gram papain 


60 grams fibrin 
500 c.c. 0.25% 
NaoCO, 
5.0 grams NaF 

1 gram papain 


60 grams fibrin 
500 c.c. 0.25% 

NajCOg 
5.0 grams NaF 
j 1 gram papain 
} boiled 5 min. 



These mixtures were placed in suitably stoppered flasks, 
shaken thoroughly to insure complete solution of the sodium 
fluoride, etc., and warmed at 40° C. for twenty hours, with 
frequent agitation. At the end of the period the mixtures 
were boiled and filtered, the filtrates neutralized, concentrated, 
and the proteoses separated as already described by saturation 
with ammonium sulphate. On testing the filtrates with the 

* Coagulated blood-fibrin. 
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biuret test, Nos. 1, 2, and 8 gave a strong reaction for peptone, 
the reaction in No. 3 being apparently a little the strongest. 
No. 4, in which the papain was boiled prior to mixing it with 
the fibrin, gave a purely negative result, thus showing that 
the peptone reaction in the preceding mixtures could not have 
come from any admixture contained in the papain itself, nor 
in the proteid made use of, and that consequently the peptone 
found must have been formed in some manner during the 
experiment. Further, this same negative result affords evi- 
dence that the peptone detected was not formed by putrefac- 
tion; hence it must come from the proteolytic action of the 
enzyme, which is plainly not hindered by the presence of 
either chloroform, sodium fluoride, or thymol. Lastly, it 
should be mentioned that the striking brilliancy of the peptone 
reactions obtained in Nos. 1-3 precludes the possibility of any 
other conclusion than that a fairly large proportion of true 
peptone was formed. 

A similar series of experiments was carried out with coagu- 
lated egg-albumin, 75 grams of the moist coagulum being 
used in each mixture, with results wholly in accord with 
those just described. Further, another series in which fresh, 
thoroughly washed rabbit's muscle (60 grams in each mixture) 
was digested gave similar results, the only difference being 
that in Nos. 1-3 the peptone reaction was even stronger than 
with the coagulated proteids, as might perhaps be expected 
owing to the easier digestibility of the former. It is thus 
quite apparent that papain is a true peptone-forming enzyme, 
and furthermore is able to exert this action upon various 
kinds of proteid matter. 

What now is the extent to which this formation of peptone 
may be carried by papain? In the digestion of proteids with 
pepsin-hydrochloric acid or gastric juice it has been clearly 
shown tiiat the formation of peptone rarely exceeds 50 per 
cent; proteoses usually predominate.* With alkaline trypsin 

* Chittenden and Amerman, A Comparison of Artificial and Natural 
Gastric Digestion, together with a Study of the Diffusibilitj of Proteoses 
and Peptone. Journal of Physiology, 1803, ziv, p. 483. 
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solution or pancreatic juice, on tiie other hand, the formation 
of peptone is much greater, although the hemipeptone formed 
is eventually broken down by the continued action of the 
enzyme into amido-acids, etc., leaving only the antipeptone. 
If papain is a true peptone-forming enzyme, related more 
closely to trypsin than to pepsin, it foUows that xmder favor- 
able circumstances it might be expected to produce even more 
than 50 per cent of peptone. It is not to be understood by 
this statement that papain can be compared with tr}rpsin in 
rapidity of action ; but merely that of the proteid dissolved 
by papain, under suitable conditions, fully 60 per cent might 
not imreasonably be looked upon as convertible into true 
peptone by the continued action of the enzyme. The correct- 
ness of this view has been tested by several series of quanti- 
tative experiments in which the proportion of proteoses and 
peptones formed has been determined as accurately as existing 
methods will allow. 

The first experiment of this nature may be described as 
follows: Coagulated egg-albumin, formed by pouring the 
whites of eggs into boiling water acidified with acetic acid, 
was washed tiioroughly with water, pressed, and finely divided. 
The content of dry albumin was then determined in a sampled 
portion by drying at 110** C, and igniting the residue to 
obtain the amount of ash. By this method 10 grams of the 
moist coagulimi were found to contain 1.9257 grams of dry 
proteid. Three digestive mixtures were then prepared, each 
containing 150 c.c. of 0.25 per cent sodium carbonate satu- 
rated with chloroform, 50 grams of the moist coagulated 
albumin and 0.75 gram of active papain. To obviate any 
error that might be introduced through the presence of albu- 
mose, etc., in the papain, a fourth mixture was prepared 
similar to the above, except that it contained no albumin. 
All four mixtures were placed in closely stoppered flasks and 
transferred to a warm chamber, where they were kept at 
88-40° C. for varying lengths of time with occasional agita- 
tion. One was allowed to digest for 26 hours, the second was 
interrupted at the end of 51 hours, while the third mixture 
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and likewise the control were continued for 76 hours. Diges- 
tion was stopped by heating the mixture to boiling. It will 
be noticed in these experiments that the proportion of papain 
employed was quite small, considering the low digestive 
power of the enzyme. 

The mixtures were analyzed as follows: The undissolved 
residue, made up largely of an insoluble antialbumid-like sub- 
stance, together with some unaltered proteid, was collected on 
a weighed filter, washed thoroughly with water and lastly with 
alcohol, then dried at 110** C. until of constant weight. The 
filtrate and washings were then neutralized with dilute acid, 
and the neutralization precipitate so obtained was collected on 
a weighed filter, washed with water imtil free from salts, dried, 
and weighed. To determine the albumoses, the neutral filtrate 
and washings were concentrated to a small volume and then 
precipitated while still hot by saturation with pure neutral 
ammonium sulphate, giving heed to Kuhne's latest modifica- 
tions of the method.* The precipitate was filtered by the aid 
of a hot-water funnel and washed free from peptone with a hot 
saturated solution of ammonium sulphate.f The precipitate, 
together with the adherent ammonium sulphate, was then 
washed into a weighed capsule with hot water, the mixture 
evaporated to dryness, and finally dried in an air-bath at 110** 
C. until of constant weight. Obviously, the weight so obtained 
was the combined weight of the albumoses and ammonium sul- 
phate. To ascertain the value of the latter, the mixture was 
treated with water containing a littie hydrochloric acid, the 
fluid made up to a definite volume, and in an aliquot portion of 
the latter the sulphuric acid was determined in the usual 
manner by precipitation with barium chloride. From the 
weight of barium sulphate thus obtained the amount of am- 
monium sulphate wa43 calculated and deducted from the com- 
bined weight of the albumoses and ammonium salt. The 
amount of true peptone formed was obtained in this experi- 
ment by deducting the combined weight of the antialbumid 

* Loc. cit. 

t Continued until the filtrate failed to show any biuret reaction. 
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and undigested residue, neutralization precipitate, and albu- 
moses from the weight of coagulated proteid used, making the 
necessary corrections for proteoses, etc., in the papain. 

The results from this experiment were as follows, expressed 
in grams : — 



Fuiod of DigMdonat 40O C. 


25hoiin. 


61 hours. 


75 hoars. 


Undissolved residue .... 
Neutralization precipitate . . 
Albuinoses 


8.4666 
0.1692 
2.6167 


8.1626 
0.0920 
2.8700 


• 
0.0076 
1.2767 


Dry proteid used 

Peptone formed 


6.2414 
9.6276 
8.3861 


6.6246 
9.6276 
4.0029 


9.6276 


Expressed in percentages calculated on the dry proteid 
used, these figures yield the following results : — 


Period of Digestion at 40° 0. 


26 hoars. 


61 hours. 


76 hours. 


Undissolved residue .... 
Neutralization precipitate . . 

Albumoses 

Peptone 


86.8 

1.7 

27.1 

86.4 


82.8 

0.9 

24.6 

41.7 


' o.r 

18.3 




100.0 


100.0 


. . . 



In considering these figures, emphasis is to be laid upon 
the fact that the large percentage of undissolved residue noted 
above is by no means composed mainly of unaltered proteid, 
but is made up to a considerable extent of a peculiar alteration 
product which seemingly resembles antialbumid, the formation 
of which must involve a certain amount of energy on the part 
of the enzyme. Further, it is to be noted that at the end of 
twenty-five hours' digestion, 62.5 per cent of the proteid is 
converted into albumoses and peptone, while of these soluble 
products 66.6 per cent is composed of true peptone, the re- 
maining 43.4 per cent being made up mainly of deuteroalbu- 

* Lost bj an accident. 
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mose. Moreover, it is seen that as the digestion is continued 
the proportion of albumoses decreases, peptones being corre- 
spondingly increased. To be sure, the figures representing 
the proportions of peptone formed are obtained by difference, 
but we see no reason why the methods pursued are not capable 
of yielding results substantially correct. Moreover, on testing 
the three ammonium sulphate-saturated filtrates containing 
the peptone with the biuret test, the intensity of the reactions 
obtained corresponded exactly with the above data. In this 
connection it should be mentioned that even under most 
favorable conditions the formation of amido-acids or other 
crystalline decomposition products by papain is very slight. 

A second series of experiments similar to the above next 
demand attention because they help make clear possibly why 
some observers have failed to find evidence of the formation of 
peptone by papain. Four distinct mixtures were prepared, 
each containing 150 c.c. of 0.25 per cent sodium carbonate 
saturated with chloroform, 50 grams of moist coagulated egg- 
albumin, and 0.5 gram of papain. The fourth mixture, however, 
differed from the other three in that the papain was boiled 
with a portion of the fluid prior to mixing it with the albumin. 
It thus served as a control to check any possible errors that 
might arise from the action of the alkali alone on the proteid, 
or from soluble matter contained in the papain. Of greater 
importance, however, is the fact that the proportion of papain 
employed in this series of experiments was considerably less 
than in the previous series : i. e., 0.5 gram instead of 0.75 gram 
for every 60 grams of proteid. Furthermore, the papain was 
a different sample, obtained from a different source, and had 
been tested solely as to its ability to dissolve proteid matter. 

The several mixtures were kept at 88-40° C. for varying 
periods of time, one being removed at the end of 25 hours, the 
second at the end of 48 hours, while the third and fourth were 
continued for 72 hours. The mixtures were then analyzed as 
in the preceding case, with the following results expressed in 
grams: — 
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Ftoiod Of digwtion at 40O 0. . . 


25 boon. 


48 hours. 


72houn. 


UDdissolved residue . . . 
Neutralization precipitate . 
Albumoses 


3.8354 
0.0405 
2.8180 


3.9769 
0.0387 
2.3278 


3.7677 
0.0100 
2.5176 


Dry proteid used .... 
Peptone formed 


6.6989 
6.8564 
0.1625 


6.3424 
6.8664 
0.5140 


6.2853 
6.8564 
0.5711 



In the control mixture, in which the papain had been boiled 
before mixing it with the albumin, 72 hours at 40**C. resulted 
simply in the formation of 0.03 gram of neutralization precipi- 
tate and a trace only of albumose. The undissolved residue 
when dried weighed 6.9301 grams, the plus weight being due 
to the insoluble matter of the papain. The slight corrections 
made necessary by these data have been embodied in the above 
figures. 

The percentage results, calculated on the dry proteid used, 
are as follows : — 



Period of digestion at iO^'G 


26 hours. 


48 hours. 


72honra. 


Undissolyed residue .... 
Neutralization precipitation . 

Albumoses 

Peptone. . 


55.9 
0.6 

41.1 
2.4 


57.9 
0.6 

33.9 
7.7 


54.8 
0.1 

86.7 
8.4 




100.0 


100.0 


100.0 



Here, for some reason, the formation of peptone was com- 
paratively slight. Although the amount of papain employed 
in each mixture was less than the quantity used in the first 
series of experiments, the ratio of papain to dry proteid was 
much the same in the two cases. Evidently, the papain made 
use of in this last experiment was far less active than the pre- 
ceding preparation, as shown also by the large percentage of 
undissolved residue. To be sure, considerable albumose was 
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formed, but the enzyme was so lacking in vigor that exten- 
sive proteolysis was impossible, and as a result the formation 
of peptone progressed very slowly. Still, even under these 
adverse conditions, some peptone was formed — easily recog- 
nizable by the biuret reaction — and the proportion increased 
slowly with continued digestion. There is therefore even in 
this experiment no confirmation of the statement that papain 
is imable to form peptone, but merely a suggestion of the 
necessity of obtaining an active preparation of the enzyme in 
order to arrive at a true understanding of its proteolytic power. 
In a third series of experiments still another preparation of 
papain was employed : one which preUminary experimentation 
showed to be quite active. Each mixture contained 150 c.c. of 
0.25 per cent sodium carbonate saturated with chloroform, 50 
grams of moist coagulated egg-albumin, and 0.75 gram of 
papain. A control mixture of albumin, etc., in which the 
papain was boiled to destroy its activity, was also included in 
the series. In this series, however, digestion at 40° C. was 
continued for longer periods, and it is likewise to be noted 
that the ratio of dry proteid to the papain employed varied 
from that in the previous experiments. Further, the method 
of deteimining the albumoses and peptone was somewhat 
different from that previously used. Thus, after separating 
the undissolved residue and neutralization precipitate, the 
neutral fluid was concentrated and the albumoses precipitated 
by saturation of the fluid in the cold with pure zinc sulphate 
after the method of Bfcimer.* This precipitate was collected 
on a filter, washed thoroughly with a saturated solution of 
zinc sulphate, after which it was dissolved in water, the solu- 
tion made up to a given volume, and the nitrogen determined 
in a fraction of the fluid by the Kjeldahl method. On multi- 
pljdng the values so obtained by the factor 6.25 the amounts 
of albumoses present were calculated. The figures for pep- 
tone were obtained by difference, but were verified by deter- 
mination of the nitrogen in the zinc sulphate-saturated filtrates. 

* Bomer, Zinksulfat, ein Fallungsmittel f iir Albumosen, Zeitschr. f. analyt. 
Chem., 1895, p. 662. 
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This, however, was not easily accomplished owing to the pres- 
ence of so much zinc sulphate ; but on diluting the fluid with 
water we were able to detennine the nitrogen in a small vol- 
ume of the mixture, using the Kjeldahl method, and on mul- 
tiplying the nitrogen found by the factor 6.25 we obtained 
values not greatly at variance with those given by difference. 
It is needless to say that the control mixture was treated in a 
similar manner and corrections made for nitrogen introduced 
with the papain, etc. Following are the results obtained ex- 
pressed in grams : — 





Period of Digestion at 40° C. 


48hoan. 


06 hours. 


144 hours. 






UndissolTed residue . . . 
Neutralization precipitate . 
Albumoses 


0.0487 
0.0642 
0.6250 


Ill 


1.1136 
0.0162 
0.7606 






Dry proteid used .... 
Peptone formed 


1.0279 
4.4042 
2.7703 


1.7:361 
4.4042 
2.6681 


s^S 




Expressed in percentages, calculated on the diy proteid used, 
these figures lead to the following results : — 




48hoar8. 


08 hours. 


144 hours. 


UndisBoWed residue .... 
Neutralization precipitate . . 

Albumoses 

Peptone 


21.6 

1.2 

14.2 

63.1 


24.0 

0.3 

16.1 

60.6 


26.2 

0.3 

17.0 

67.6 




100.0 


100.0 


100.0 



Here we have plain evidence again of the ability of papain 
under suitable conditions to form relatively large quantities of 
peptone, the latter, in this experiment, being greatly in excess 
over all the other products combined. It is furthermore evi- 
dent that in order to bring out the full proteolytic power of 
the enzyme (assuming an active preparation) it is necessary 
that the latter be present in fairly large proportion, i. «., as 
compared with the proteid matter. When this is the case, as 
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in the present experiment, the element of time is of less mo- 
ment. In other words, when the ratio of enzyme to proteid 
is suitable, the maximum digestive action under those condi- 
tions is reached in 24-48 hours, and longer exposure at 40° C. 
fails to increase the proportion of peptone formed. In illus- 
tration of this point compare the results of the first and third 
experiments. In conclusion we think it clearly established 
that papain is not only a peptone-forming enzyme, but that 
under proper conditions it is able to transform a large propor- 
tion of the proteid matter into true peptone. In confirmation 
of this statement we have been able to prepare and isolate the 
pure peptone in quantity sufficient to study some of its physi- 
ological properties. 

Some Observations on the Physiological Action of 

THE DeUTEBOALBUMOSE AND PePTONE FORMED BY PAPAIN. 

It has been generally believed for some time past that the 
primary products which result from the proteolytic action of 
vegetable enzymes, as well as those formed by the action of 
superheated water, are somewhat different in nature from the 
corresponding products formed by pepsin-acid and by tiypsin. 
Thus Neumeister * has shown that if atmid albumin or atmid 
albumose, i. «., the albumose formed by the action of super- 
heated water on blood-fibrin, is injected directly into the blood 
of a dog it appears in the urine wholly unaltered. An ordin- 
ary albumose, however, i. e., such as is formed by pepsin or 
trypsin, when introduced into the circulation (of a dog) ap- 
pears in the urine more or less hydrated.t Thus, protoalbu- 
mose appears in the urine in part as deuteroalbumose, while 
if deuteroalbumose is injected into the blood it appears in the 
urine as peptone. Peptone, on the other hand, is eliminated 
wholly unchanged. Neumeister % also makes the statement 

* Neumeister, Ueber die nachste Einwirkung gespannter Wasserd&mpfe 
auf Proteine und iiber eine Gruppe eigenthiimlicher Eiweisskorper iind 
Albumosen. Zeitschr. f. Biol., 1890, xxri, p. 77. 

t Neumeister, Ueber die Einf iihrung der Albumosen und Peptone in den 
Organismus. Ibid., 1888, xxiv, p. 272. 

X Neumeister, Ibid., xxyI, p. 82. 
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that the products which result from the action of papayotin 
upon albuminous substances are identical with those formed 
by the action of superheated water. This implies that the so- 
called atmid products and the papayotin products are alike in 
their resistance to the action of pepsin,* for it is assumed at 
least that it is the presence of this enzyme in the kidney which 
leads to the hydration of the ordinary albimioses during their 
elimination from the body. In the case of rabbits, where 
pepsin is wanting in the kidney, the injection of albumoses 
into the blood is followed by their elimination unchanged 
(Neumeister). 

Moreover, there are certain peculiarities in the chemical 
composition of the atmid bodies,! shared to some degree by the 
proteoses formed by the action of bromelin J — the proteolytic 
enzyme of pineapple juice — which lends favor to the view 
that these bodies are not quite identical with the proteoses, 
etc., formed by animal enzymes. Consequently, it seemed 
desirable to study with some care the physiological behavior of 
the albumoses and peptone resulting from papain-digestion 
with a view to ascertaining what differences of a physiological 
nature, if any, exist between the latter products and those 
resulting from animal enzymes. 

As has already been pointed out, the soluble products which 
are formed in the digestion of coagulated egg-albumin with 
papain are mainly deuteroalbumose and peptone. These were 
prepared in considerable quantity by digesting the coagulated 
albumin from four dozen hen's eggs with 9 grams of papain 
in 2 liters of 0.25 per cent sodium carbonate for 48 hours at 

* Since this paper was written, there has appeared an article hj £. Sal- 
kowski, "Ueber die Einwirkung des Uberhitzten Wassers auf Eiweiss," 
Zeitschr. f. Biol., 1897, xxxiv, p. 190 ( Jubelband zu Ehren von W. Kahne), in 
which it is stated that the atmidalbumose formed by him from blood-fibrin 
was not resistant to the action of either pepsin, trypsin, or bacteria, thus 
differing widely from Nenmeister's product. 

t Chittenden and Meara, A Study of the Primary Products Resulting 
from the Action of Superheated Water on Coagulated Egg-albumin. Journal 
of Physiology, 1894, xv, p. 501. 

I Chittenden, The Proteolytic Action of Bromelin, the Ferment of Pine- 
apple Juice. Ibid., 1894, zr, p. 249. 
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40® C. in the presence of chloroform. The resultant fluid 
freed from insoluble matter and neutralization precipitate was 
concentrated to a small volume and the albumoses precipitated 
by saturation with ammonium sulphate, boiling hot, from a 
neutral, acid, and alkaline reacting fluid. The precipitate so 
obtained was dissolved in water, the fluid carefully neutralized, 
and then dialyzed in running water xmtil wholly free from 
ammonium sulphate and other salts. The solution was then 
filtered from a little insoluble matter (heteroalbumose, dysal- 
bumose) concentrated to a small volume, and a portion tested 
for protoalbumose by saturation of the neutral fluid with rock 
salt No precipitate whatever was obtained, consequently the 
entire volume of fluid was brought to a sjmip and the deutero- 
albumose precipitated with strong alcohol. After thorough 
washing with alcohol and ether, the substance was dried at 
100'' C. making about 20 grams of pure deuteroalbumose. 

To obtain the peptone, the anunonium sulphate-saturated 
filtrate from the albumoses was treated with 50 per cent 
alcohol, thereby precipitating a large portion of the ammonium 
salt, while the residual sulphate was removed from the filtrate, 
after freeing from alcohol, by treatment with barium hydroxide 
followed by barium carbonate. On evaporating the final 
filtrate to a syrup and treating with alcohol, the peptone was 
precipitated more or less gummy, after which it was dehydrated 
by successive treatments with absolute alcohol and ether, and 
finally dried at 100** C. About 10 grams of pure peptone were 
obtained. 

Mode off Bzperimentation. — Our study of the physiological 
action of the deuteroalbumose and peptone formed above was 
limited to ascertaining their effects on blood-coagulation, their 
influence on blood-pressure, and their elimination by the 
kidneys. In all of the experiments dogs were employed, the 
animals always being anaesthetized. Most generally this was 
accomplished by means of a mixture of equal parts of chloro- 
form and ether, although in some of the experiments morphine 
sulphate was injected hypodermically followed by the admin- 
istration of chloroform and ether. In the few cases where 
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morphine was used, it was employed in the proportion of 1 
centigram of morphine sulphate for each kilo of body-weight. 

The albumose or peptone was introduced either into the left 
femoral vein or into the facial vein through a cannula con- 
nected with a burette. The substance, in the proportion of 
0.5 gram per kilo of body-weight, was dissolved in 0.7 per cent 
sodium chloride solution, the volume of the fluid injected 
ranging from 30 c.c. to 60 c.c. and never exceeding the latter. 
The fluid was warmed to 40"* C. 

To observe the rate at which the blood coagulated, portions 
of about 5 c.c. each were withdrawn at stated intervals from the 
right femoral artery through a cannula inserted in that vessel, 
the blood being collected in slender test-tubes to observe the 
time of coagulation. Each time the blood was withdrawn from 
the artery the first portion passing out was discarded. More- 
over, the cannula was removed and cleaned after each with- 
drawal of blood. Blood-pressure was registered at the carotid 
artery, or in some instances at the left femoral artery, using a 
Hiirthle spring manometer and a Baltzar kymographion driven 
at a slow rate. 

Influenoe on Coagnlatioii of the Blood. — The effects of deu- 
teroalbumose and peptone on the coagulation of the blood 
were observed in eight experiments on dogs ranging in weight 
from 5 to 11.6 kilos. In the first experiment the dosage of 
albumose was 0.33 gram per kilo of body-weight, but in four 
other experiments the dosage was increased to 0.6 gram per 
kilo, which proportion was likewise used in the three experi- 
ments with peptone. Following are the results obtained : — 

FIRST EXPERIMENT. 

Dog, kilos. 3 grams deuteroalbumose in 37 c.c. 0.7 per cent NaCL 

Injection lasted 2 min. 46 sec. 
The normal blood coagulated in 3 minutes.* 
Blood withdrawn 8 min. after injection of albumose coagulated in 80 min. 
€t It n tt tt €t €t 25 « 

it <( 22 ** ** " " 27 " 

'• 28 " " " " 1-2 hours. 

* The figure given for the coagulation-time of the normal blood is the 
average of 2-8 determinations. 
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SECOND EXPERIMENT. 

Dog. 6.6 kilos. 8iS5 grams deuterodUmmote in 60 c.c. 0.7 per cent NaCL 

Injection lasted 3 minntes. 
The normal blood coagulated in 10 minutes. 

Blood withdrawn 1 min. after injection of albumose coagulated in 1 hr. 27 min. 
u «< 4 « « « « 1 ** 23 " 

« K g (« « (( « 1 " 19 ** 

<* ** ']^ " •* •« "1 ** 16 " 

« (( J^g « « (C « 1 (( IQ <( 

M M 29 " '* ** " " 68 " 

a "47 " " " " " 40 " 

M "49 " " ** " " 88 " 



THIRD EXPERIMENT. 

Bitch, 7.2 kilos. 8.6 grams deuteroaUmmou in 60 c.c. 0.7 per cent NaCL 

Injection lasted 1 minute. 

The normal blood coagulated in 9 minutes. 

Blood withdrawn : — 

2 min. after injection of albumose was uncoagulated at the end of 18 hrs. 

Q it (( « «« « « u 

2g M M « « « t « 

^tttfUUUMU 



FOURTH EXPERIMENT. 

Dog, 7 kilos. 3.6 grams deuteroalbumose in 60 c.c. 0.7 per cent NaCL 

Injection lasted 1 min. 16 sec. 

The normal blood coagulated in 3.6 minutes. 

Blood withdrawn : — 

6 min. after injection of albumose was uncoagulated at the end of 36 hrs. 

^2 M « « « « « t€ 

|0 (( it U U U U tt 

24 M M « « *t M « 

34 " •• " " coaguUted within 6i hrs. 

42 *< " " " " '* 3 "^ 

12 
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FIFTH EXPERIMENT. 

Dog, 11.6 kilos. 5.6 grams devteroalhumose in 40 c.c. 0.7 per cent NaCL 

Injection lasted 46 seconds. 

The normal blood coagulated in 9 minutes. 

Blood withdrawn 2 minutes after injection of albumose coagulated in 7^ hrs. 

ti (( A «< <« « (( « «C 

<( (( *f it « «( « M « 

tt " 12 " ** " " 

M ''17 " " " " 

M *< 26 " '' " " 

tt "36 " " ^ " 

tt tt ^ « M « M 

« tt ge M « a it 

tt tt AK (( (( tt tt 

tl tt *re tt u tt tt 

M tt Qg « II tt tt 



SIXTH EXPERIMENT. 

Bitch, 6 kilos. 3.7 grams peptone in 80 c.c 0.7 per cent NaCl. 

Injection lasted 40 seconds. 

The normal blood coagulated in 3 minutes. 

Blood withdrawn 6 minutes after injection of peptone coagulated in 6 hours. 

tt ft g tt tt (( it u tt 

tt tt ^g M tt tl tt u tt 

tl tt 24 " " " « « 1 hour. 

u tl 55 tt tl tt tl tt 45niin. 

*< « 05 « It tt tt It ^ It 

« (C Y^ M M C< It tt Q tt 



SEVENTH EXPERIMENT. 

Bitch, 5.6 kilos. 2.76 grams peptone in 80 c.c. 0.7 per cent NaCL 

Injection lasted 30 seconds. 

The normal blood coagulated in 1.6 minutes. 

Blood withdrawn 3 min. after injection of peptone coagulated in 3-10 hours. 

It tl Y tt tt It It tt tt 

- tt 23 " " <' « « « 

M It 28 " " " " " " 

M It QQ tt tt tt tt tt tt 

" 60 « « " " " 76 minutes. 

« tt ^ « It It tt *' 60 ** 

M tl QQ It tt tl It tt OA M 

« «( go It If It tt tt 5 tt 

t* " 08 *' " ** ** ** *I *' 
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EIGHTH EXPERIMENT. 

Dog, 6 kilos. Control experiment. SO c.c 0.7 per cent NaCL 

Injection lasted SO seconds. 
The normal blood coagulated in 5 minutes. 
Blood withdrawn 2 min. after injection of salt solution coagulated in S min. 

« « Q M {« « tt u A « 

Fourteen minutes afterwards S.0 grams peptone in SO c.c. 0.7 per cent NaCl 
were injected. Injection lasted SO seconds. 

Blood withdrawn 2 min. after injection of i^eptone coagulated in 10-17 hours. 

« « ]^3 « « « « M (( 

tt U ^ M M « U U tt 

" 82 " " « ♦* « 8 hrs. 16 min. 

a « 95 a u ti u tt Q u iQ u 

From these experiments it is very manifest that both deu- 
teroalbumose and peptone, as formed from egg-albumin by 
papain, have a marked effect upon the coagulation of the 
blood. With the dosage employed, namely, fifty centigrams 
per kilo of body-weight, coagulation is retarded for periods 
ranging from thirty minutes to thirty-six hours. Further, 
some of the experiments seemingly suggest that deuteroal- 
bumose is somewhat more effective than pure peptone in 
retarding coagulation. It is likewise noticeable that this 
retarding effect upon coagulation is much more striking 
and also more permanent in some cases than in others, even 
though the conditions are apparently the same. Thus, in 
the second and third experiments, in which the dosage of 
deuteroalbumose per kilo is exactly the same, there is a 
marked difference in the character of the results, due, how- 
ever, we believe, to differences in blood-pressure and to con- 
sequent differences in the rate of elimination through the 
kidneys. In connection with this last statement it is to be 
noted that in many of the experiments, with both albumose 
and peptone, the period of retardation shows a steady decrease 
(as in the fifth, seventh, and eighth experiments) until event- 
ually, 50-100 minutes after the injection, the time of coagu- 
lation approaches somewhere near that of the normal blood. 

What now is to be said regarding the relationship of these 
bodies in their action on blood-coagulation to the correspond- 
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ing bodies of animal origin ? Obviously, in considering this 
question little weight can be attached to results obtained with 
such products as Witte's so-called peptone, since the latter, 
as is well known, is a mixture of several albumoses with 
some peptone. Hence, the earlier results obtained with pro- 
ducts in which the two classes of substances — albumoses 
and peptones — were not differentiated have in the present 
connection only a general interest.* Pollitzer,f on the other 
hand, working with the individual albumoses formed by pep- 
sin-acid, found that while all of these substances prevent^ 
or delayed the coagulation of the blood, the primary albumoses 
were most effective, deuteroalbumose least so. Further, am- 
phopeptone led to variable results, f requentiy wholly negative, 
while antipeptone as formed by trypsin was almost entirely 
wanting in any constant effects. Grosjean,J however, ob- 
served that the peptone formed in gastric digestion does 
retard coagulation, although its action is less vigorous than 
that of the albumoses. With antipeptone, Spiro and Ellinger § 
found that the effect produced was dependent entirely upon 
the dosage of peptone employed. Thus, with 0.6 gram per 
kilo of body-weight coagulation-time was reduced from eight 
to four minutes, while with 1.1 grams of peptone per kilo the 
blood was rendered non-coagulable. Lastiy, Thompson || has 

* Schmidt-Mulheim, Beitrage zur Eenntniss des Peptone und seiner ph7B- 
iologischen Bedeutung. Du Bois-Reymond's ArchiT f . PhjsioL, 1880, p. S3 ; 
Fano, Das Verhalten des Peptone and TiTptone gegen Blut und Lymphe. 
Ibid., 1881, p. 277 ; Thompeon, Contribution to tlie Phyeiological Effecto of 
" Peptone " when Injected into the Circulation. Journal of Phyeiology, 1896, 
zz, p. 456. 

t Pollitzer, On the Phyeiological Action of Peptones and Albumoses. 
Ibid., 1880, Tii, p. 283. 

} Grosjean, Recherches sur Taction physiologique de la propeptone et de 
la peptone. Archiyee de biologie, 1892, zii. 

§ Spiro and Ellinger, Der Antagoniemue gerinnungebefordemder und 
gerinnungshemmender Stoffe im Blute und die eogenannte Peptonimmunit&t. 
Zeitechr. f. phyeiol. Chem., 1897, xziii, p. 136. 

II Thorapeon, The Phyeiological Effecte of Peptone and ite Precureore when 
introduced into the Circulation. Interim Report of a Committee consisting of 
Professors Sch&fer, Sherrington, Boyce, and Thompson. Report by the Sec- 
retary, 189&-97. 
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leported that antipeptone in doses up to thirty centigrams per 
kilo tends to hasten the coagulation of the blood, while deu- 
teroalbumose sometimes produces a retardation and sometimes 
a hastening of coagulation, apparently independent of the 
dosage.* It is obvious from these brief statements that any 
sharp comparison between the digestive products formed by 
papain and those resulting from the action of pepsin and tryp- 
sin is hardly possible. It is, however, seemingly true that 
the deuteroalbumose and peptone resulting from papain-diges- 
tion have a greater retarding effect upon blood-coagulation 
than the corresponding products formed by the animal en- 
zymes. Thus, papain-peptone in doses of 0.5 gram per kilo 
never failed (in three experiments) to retard coagulation for 
8-10 hours, while of antipeptone a dosage of 0.6 gram per 
kilo accelerates coagulation (Spiro and Ellinger). Further, 
papain-deuteroalbumose in doses of 0.33-0.5 gram per kilo 
invariably caused marked retardation of coagulation; far be- 
yond anything reported by Thompson with deuteroalbumose 
in doses up to 0.3 gram per kilo. Any attempt at closer 
comparison in this direction would hardly be justified with 
our present knowledge. We would call special attention, 
however, to the tendency manifested in all of our experiments 
for the .effect produced by papain-deuteroalbumose and pep- 
tone on the blood to pass gradually off, until finally, as in 
the fifth experiment, the coagulation-time may be considerably 
shorter than that of the normal blood. We attribute this 
result solely to the gradual elimination of the proteid, and 
as the rate of elimination varies with changes in blood- 
pressure, etc., produced by the substance, it follows that the 
duration of the effect upon the blood will vary not only with 
the dosage given, but also with the period of its detention 
within the blood current. Lastly, the acceleration of coagu- 
lation observed, 65-85 minutes after injection of the albumose 
(Experiment fifth) suggests that small doses of the substance 
may produce an effect quite the opposite of that produced by 

* See also the papers on peptone and propeptone, bj Gley and by Dastre 
in the Compt rend. soc. de biologie, 1896. 
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a large dose, as observed by Spiro and Ellinger with antipep- 
tone. In conclusion, we see in these results nothing to war- 
rant the assumption that the two papain products are widely 
different from ordinary digestive products of a like degree of 
hydration. They certainly do not differ from the correspond- 
ing products of pepsin or trypsin digestion more than the 
latter products differ among themselves. Thus, according 
to the experiments of Arthus and Huber,* of gelatose, 2 
grams per kilo of body-weight are required to render the 
blood of the dog non-coagulable, while of caseose 1.6 grams 
per kilo are needed ; amounts far larger than are required of 
an albumose formed from either egg-albumin or blood-fibrin. 
Indeed, we have obser\''ed in a single experiment with pure 
protogelatose that 5 grams of the substance (dissolved in 
water) introduced into the facial vein of a dog weighing be- 
tween three and four kilos, hastened the rate of coagulation. 

Elimination by the Ki6nBjB,—As already stated, Neumeister 
has shown that when ordinary albumoses are introduced into 
the blood of the dog, they are eliminated in the urine more or 
less hydrated. The atmidalbumoses, on the contrary, he found 
were eliminated unchanged. What now is the behavior of 
the deuteroalbumose formed by papain when similarly injected ? 
In the second experiment already detailed, in which a dog of 
6.6 kilos was given 3.26 grams of papain-deuteroalbumose by 
injection into the facial vein, the bladder (empty at the 
beginning of the experiment) was found one hour after the 
injection distended with urine. The fluid, amounting to 160 
c.c, was removed, filtered, and saturated, boiling hot, with 
ammonium sulphate. A heavy gummy precipitate resulted, 
which after being washed with a saturated solution of the am- 
monium salt, was dissolved in water and tested. It was com- 
posed of unaltered deuteroalbumose. On testing the filtrate 
from the latter precipitate, after again boiling with ammonium 
sulphate to insure the complete removal of the deutero- 

* Arthus and Huher, Action dee injections intraveineuses de produits de 
digestions peptique et tryptiqne de la g^atine et da cas^um sur la coagulation 
du sang chez le chien. Arch, de physioL, 1897, 6, Till, p. 857. 
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albmnose, an intense biuret reaction was obtained, thus show- 
ing plainly the presence of a comparatively large amount of 
true peptone. In this experiment, therefore, there was marked 
diuresis, accompanied by a rapid elimination of the deutero- 
albumose, but most important of all, a large proportion of the 
eliminated albumose underwent hydration into true peptone 
during its transit from the blood to the urine. Such a result 
as this, however, is not always obtained. Thus, in the third 
experiment blood-pressure was greatly lowered, and an hour 
after the injection the bladder contained only a few drops of 
fluid, with which no distinct reaction for eitier albumose or 
peptone could be obtained. In harmony with these two results, 
the blood in the last experiment drawn 46 minutes after the 
injection did not coagulate within 18 hours, while in the first 
experiment, where elimination was comparatively rapid, the 
blood drawn 49 minutes after the injection coagulated in 88 
minutes. Further, in the fifth experiment detailed above, 85 
minutes after injection of the albumose, retardation of blood 
coagulation was wholly at an end; indeed, coagulation took 
place more rapidly than prior to the injection. At this time 
the bladder was found distended with urine, and the latter 
gave a strong peptone reaction and a fair separation of albu- 
mose.* In the fourth experiment, there was no marked 
diuresis, but 76 minutes after the injection the bladder was 
half full of urine, the latter giving a strong reaction for pep- 
tone with only a trace of albumose. Thus, the results obtained 
in this connection certainly warrant the statement that when- 
ever papain-deuteroalbumose undergoes elimination through 
the kidneys of the dog, it behaves in the same manner as an 
ordinary albumose, being transformed in great part into true 
peptone. It would seem, however, that injection of papain- 
deuteroalbumose is less liable to produce suspension of the 
renal secretion than injections of ordinary propeptone.f 

* In a recent preliminary commnnication (Proceed. Physiol. Soc, Not. 13, 
1897), Thompson has likewise reported that Witte's ''peptone " and Grosjean's 
peptone when injected into the jugnil&r ▼ein of dogs may lead to a marked 
increase in the quantity of urine accompanied by an excretion of part of the 
albumoses and peptone injected. 

t Compare Grosjean, loc. cit. 
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With papain-peptone the elimination through the kidneys 
appeared less marked than with the albumose. Still, in all 
three experiments the bladder was found, 60-100 minutes after 
the injection, fairly well filled with urine, and on testing the 
latter a good biuret reaction for peptone was obtained. In 
no case was there any separation of an albumose precipitate on 
saturating the fluid with ammonium sulphate. 

Influence on Blood-pressure.— Upon blood-pressure the albu- 
mose and peptone formed by papain from coagulated egg- 
albumin have much the same general effect as that produced 
by ordinary proteoses and peptone. In all of our experiments, 
in which the pressure was recorded, the dosage of albumose or 
peptone per kilo was somewhat larger than that ordinarily 
employed, namely, 0.5 gram. With this dosage, however, 
there was in nearly every experiment a marked and rapid fall of 
pressure lasting for about ten minutes. Moreover, the extent 
of the fall was seemingly influenced somewhat by the rapidity 
of the injection, a fact which has been commented upon by 
Thompson.* Our experiments also incline us to the belief that 
the character of the result may be modified somewhat by the 
personality of the animal, independent of the dosage and the 
duration of the injection. The experiments in this direction, 
however, were not intended to be exhaustive, but simply to 
throw light upon the main problem as to whether the papain 
products differ radically from ordinary digestive products. In 
one or two instances the fall of pressure was hardly noticeable, 
and in these cases the elimination of the albumose through the 
urine was quite rapid. The two following experiments may 
be taken as typical of what was generally observed with 
deuteroalbumose. 

In a dog weighing 7 kilos, narcotized by chloroform-ether, 
8.5 grams of deuteroalbumose dissolved in 50 c.c. 0.7 per cent 
NaCl solution were injected into the right facial vein, the 
injection lasting 1 min. 15 sec. The blood-pressure was 
lowered immediately from 160 mm. Hg to about 25 mm. 
Within four minutes, however, the pressure began to rise 
* Thompson, Journal of Physiology, 1896, zz, p. 400. 
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gradually but steadily, and in ten minutes from the time of 
injection was approximately normal again. 

A dog of 11.6 kilos, under chloroform-ether narcosis, was 
treated with 5.6 grams of the albumose by injection into the 
femoral vein, the injection lasting 45 seconds. Here, the 
pressure fell from about 160 mm. Hg to 100 mm. within one 
minute, gradually rising again to the normal in about seven 
minutes. In this experiment the fall of pressure was preceded 
by a slight rise, amounting to 5 mm. This initial effect of the 
injection of deuteroalbumose upon blood-pressure, i. e. a slight 
rise, is in harmony with the observations of Thompson* with 
Witte's ** peptone." 

Similar experiments with pure papain-peptone gave corre- 
sponding results, namely, an immediate and rapid fall of pres- 
sure, the latter rising to the normal again in nine to twelve 
minutes. 

♦ Thompson, loc. cit., p. 461. 
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NOTES ON CETRARIA ISLANDICA (ICELAND 
MOSS).* 

By ERNEST W. BROWN. 

From early times lichens have been utilized as articles of diet 
for man and domestic animals. | First among them in im- 
portance as a foodnstuff is " Iceland moss " (Cetraria islandica), 
which seems to have recommended itself because of its large 
content of carbohydrate matter, the so-called lichen-starch. 
In its natural form this lichen contains bitter constituents, 
and these must be removed by treatment with water or weak 
alkalies before the material can be made into bread, as has 
been the custom in some northern countries. Rabbits almost 
invariably refuse to eat the lichen unless it lias been rendered 
more palatable as described. 

With reference to the real dietetic value of Cetraria islandica, 
the following analysis of the commercial material will afPord 
some data j: : 

Analtsis of Cetbabia Islandica (dbied at 106^ C). 

Total nitrogen 0.66 per cent 

Extractive nitrogen 0.14 ** 

"Protein "nitrogen 0.82 " 

Ether extract § 1.2 •* 

Crude fiber 6.8 

Ash 2.2 " 

Material soluble in 85 per cent alcohol . . 16.1 " 
Soluble carbohydrates (as dextrose) . . . 48.3 " 
After successive treatment with gastric juice and amjlolTtically and pro- 
teolyticallj active pancreatic juice at 88^ C. only 82 per cent of the material 
used was dissolved. The residue resisting digestion contained practically all 
the original nitrogen (0.55 per cent) of the lichen. 

* Reprinted from the American Journal of Physiology, vol. 1. 

t Cf . Albert Schneider, A Text-book of General Lichenology, 1897. 

X The methods of analysis employed were essentially the same as described 
by L. B. Mendel, Amer. Joum. Physiol., 1898, i, p. 226. 

§ This consisted of free fatty acids (0.4 per cent) and saponiflable fat (0.62 
percent).. 
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It will be observed that the quantity of proteids present must 
be small at most. The bulk of the material is made up of 
soluble carbohydrates. The latter were early made the subject 
of chemical investigation. Without attempting to recite the 
older and somewhat conflicting observations, we may refer to 
the more recent results of Hdnig and St. Schubert.* These 
investigators conclude that extracts of Cetraria, obtained with 
hot water, contain two carbohydrates. The chief one of 
these, lichenin, forms a diflBcultly soluble jelly in cold water, 
an opalescent solution in hot water, is not colored blue by 
iodine, and does not rotate polarized light ; on boiling with 
dilute acids lichenin yields crystallizable dextrose in addition 
to dextrins. The second carbohydrate, called lichenin starch, 
is regarded by these authors as a soluble modification of 
ordinary starch. It has also been called isolichenin-t Munk t 
states that lichenin is most nearly related chemically to starch, 
and that it probably undergoes the same fermentative changes 
in the alimentary canal as are produced by boiling with dilute 
acids. The following experiments by the writer confirm in 
part and extend previous observations. 

Lichenin. — Preparation, — The dry assorted Iceland moss 
was heated in a steam sterilizing apparatus for several hours 
with a considerable quantity of water, and the extract then 
filtered on hot water funnels. The cool filtrates deposited a 
thick jelly which was thrown upon filters and allowed to 
drain. The gelatinous mass was redissolved in hot water and 
reprecipitated repeatedly until the cold filtrates as well as the 
jelly no longer gave any blue coloration with iodine. The 
gelatinous substance was next treated with warm alcohol until 
aU coloring matter was removed, then extracted with ether 

* Honig und St. Schubert, Sitzungsb. d. k. Akad. d. Wissenschaften za 
Wien, 1887, xcvi, 2te Abth., p. 685. The older literature is referred to here. 
Cf . also Beilstein, Handbuch der organ. Chemie, Ste Auflage, i, p. 1008. 

t Cf . Beilstehi, loc. cit., p. 1099. 

I Munk, J., und C. A. Ewald, Die Ernahrung des gesunden und kranken 
Menschen, 1895, p. 102 ; also C. Volt, Die Ernahrung. Hermann's Handbuch 
der Physiologie, 1881, vi, p. 413. 
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and dried. There resulted an almost white, tasteless, odorless 
powder, soluble in hot water, insoluble in cold water, free 
from nitrogenous matter, and yielding about \ per cent of 
ash. 

Hydration ly dilute add, — In each trial a weighed quantity 
of lichenin was boiled for twelve hours with 2 per cent 
hydrochloric acid, and the resultant sugar determined in the 
neutralized fluid by the Allihn gravimetric method. The 
specific rotation was likewise ascertained and osazones were 
prepared. 

I. 1.0036 grams lichenin (ash-free) yielded on hydration 1.007 grams dex- 
trose. Assuming a hydration equivalent to that of starch, 1.0036 grams 
lichenin should yield 1.215 grams sugar. 
II. (a) In a solution of hydration products containing 1.53 per cent sugar 
(determined as dextrose), in a 200 mm. tube an average of five polari- 
scopic readings gave a rotation of +1.6^'. Then (a),, = +52.2^. 
(6) In a solution containing 0.51 per cent sugar in a 220 mm. tube, an 
average of six readings gave a rotation of -M).6o. Then (a)^^ = +53.1^. 
The specific rotation of dextrose, (a),, = +52.5^. 
III. The osazones of the sugar formed were prepared with phenylhydrazin 
in the usual manner, and recrystallized four times from alcohoL 
M.p. 100O-201OC. 
The melting point of phenylglucosazone = 204^ C. 

The experiments thus indicate an almost complete hydration 
of lichenin, analogous in its results to the conversion of 
ordinary starch. 

Action of enzymes and dilute HCl. — ^In order to determine 
the possible fate of ingested lichenin in the alimentary canal, 
the behavior of the carbohydrate towards the ordinary amylo- 
lytic enzymes was reinvestigated. The following typical 
experiments are selected from the protocols : — 

LAI per cent solution of lichenin in boiling water was prepared and 
placed in a bath at 38^ C. Most of the material stays in solution ; a 
portion separates out at this temperature. Saliva was added and the 
solution was tested for reducing sugars from time to time, with 
Fehling's solution. No reaction was obtained after forijf-five minutes. 
To one portion ordinary starch paste (1 per cent) was now added. 
The solution reached the " achromic point " to iodine solution * in one 

• Cf . Gamgee, Physiological Chemistry of the Animal Body, 1803, U, p. 67. 



Digitized by VjOOQIC 



{ICELAND MOSS). 189 

minute and sugar was abundantly formed, thus showing that there was 
nothing present inhibitory to the action of the enzyme. The other por- 
tion of the original fluid was unchanged even after seyeral hours. 
II. A very active diastase preparation likewise failed to transform the 
lichenin to reducing sugar during an hour's action at 38^-40° C. 

III. To a 1 per cent lichenin paste was added an amylolytically active 

pancreatic extract (alcoholic). No sugar was formed, while the un- 
impaired activity of the enzyme was demonstrated as in Experiment L 

IV. The ash from 1 gram of lichenin was added to a small quantity of 

starch paste. There was no inhibition of the subsequent action of 
saliva, 
y . A 1 per cent lichenin paste was treated with saliva for an hour at 
88^ C. No sugar was formed. The solution was then precipitated with 
alcohol and the precipitate redissolved in water. The action of saliva 
was again tried, with the usual negative result. These operations were 
repeated four times with similar effects. 

From experiments like the above it must be concluded that 
the ordinary amylolytic enzjrmes have no noticeable action on 
lichenin. Berg * is reported to have obtained similar results 
with saliva, malt diastase, pancreatic extract, and gastric juice. 
Since it has been shown that cane-sugar is readily inverted in 
the stomach by the gastric juice t and experiments in this 
laboratory have shown that inulin — likewise resistant to 
enzymes — is partly transformed to reducing sugar by the 
action of dilute HCl (0.2-0.4 per cent), the following experi- 
ment was tried : — 

A 1 per cent lichenin paste was treated with an equal volume of 0.4 
per cent HCl and kept at 38^ C. for twelve hours. The test for sugar was 
negative. The mixture was carefully neutralized and treated with amylolytic 
pancreatic extract. No sugar was formed. Acid of 0.3, 0.4, and 0.5 per cent 
strength also gave negative results. Glycogen is likewise resistant to the 
action of these acids at 38^ C. 

Feeding experiments. — In view of the behavior of lichenin 
already recorded, it seemed desirable to ascertain whether this 
carbohydrate would give rise to a formation of glycogen in 
the hver, as has been found by Miura J to occur after inulin 
feeding. Miura's experiments were followed as a type and 
protocols are given below — : 

♦ Berg, Abstract, in Jahresbericht der Chemie, 1873, p. 848. 
t Ferris and Lusk, Amer. Journ. Physiol., 1898, i, p. 277. 
t Miura, K., Zeitschr. f iir Biologic, 1896, xxxii, p. 255. 
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Two rabbits, weighing 2.2 and 2.3 kilos respectively, were starred for six 
days. The control animal (2.8 kilos) was killed and the glycogen content of 
the liver found by the Brucke-Kiilz method to be 0.286 gram (0.7 per cent). 
The other rabbit (2.2 kilos) received 10 grams of lichenin, suspended in 
warm water, in five portions through the stomach sound at intervals of two 
hours. Twelve hours after the last portion was fed the animal was killed. 
The glycogen-content of the liver was found to be 0.086 gram (0.26 per cent). 
Another rabbit of 2 kilos, likewise starved, was fed about 8 grams of 
lichenin in several doses. The animal was accidentally killed immediately 
after a portion had been fed. The liver did not contain a weighable amount 
of glycogen. 

The writer has not succeeded in finding rabbits that would eat any con- 
siderable quantity of the lichen itself, even after extraction with potassium 
carbonate to remove the bitter taste. Further experiments with larger quan- 
tities of lichenin are desirable. 

IsolicheniiL — This carbohydrate, to which is due the blue 
iodine-reaction in the filtrates from the lichenin preparation, 
has received littie investigation.* It is in some respects 
closely related to soluble starch. The amount present in the 
lichen is decidedly less than the amount of lichenin, and a 
micro-chemical study shows it to be distributed through the cell 
walls of both the cortical and medullary portions of the plant. 
Micro-chemical reactions for cellulose give negative results. 

Preparation. — The filtrates from the lichenin were concen- 
trated in vacuo at a low temperature (36°-40°C.). If any 
remaining lichenin settled out on cooling it was filtered off 
and the solution was treated with several volumes of alcohol. 
The somewhat gummy precipitate was redissolved in hot 
water and again cooled. Further traces of lichenin were re- 
moved by filtration from the concentrated fluid ; the isoliche- 
nin was reprecipitated with alcohol, extracted with alcohol 
and ether, and reduced to an almost white powder, containing 
0.4 per cent ash. This preparation dissolves with difficulty 
in cold water, readily in hot water, from which it does not 
separate on cooling. Witii iodine solution it gives a blue 
coloration. 

Hydration hy dilute acid, — The following data were obtained 
by the methods already indicated for lichenin : — 

* Cf. Berg, loc. cit. ; Honig und St. Schubert, loc. cit 
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L 1.021 grams iflolichenin (ash-free) yielded on hydration 1.125 grams dex- 
trose. Assuming a hydration equivalent to that of starch, the yield of 
dextrose should have been 1.134 grams. 
n. (a) In a solution of hydration products containing 1.23 per cent sugar 
(determined as dextrose) in a 200 mm. tube, an average of six polari- 
scopic readings gave a rotation of +1.25®. Then (o)^ = -f 50.8°. 
{b) In a solution containing 1.13 per cent sugar in a 200 mm. tube, an 
average of six polariscopic readings gave a rotation of +1.17°. Then 
(«)^ = +51.7° 
The specific rotation of dextrose (a)^ = +52.5°. 
in. The osazones of the sugar formed were prepared and recrystallized four 
times from alcohol. M. p. 100° C. The crystals resemble those of 
phenylglucosazone in appearance and solubility. 

The hydration products of the isolichenin thus correspond 
closely in behavior with those obtained from the lichenin of 
the same plant. 

Action of enzymes and dilute SCI. — Hdnig and St Schu- 
bert* subjected this carbohydrate to the action of malt 
diastase at 60° C. for several hours. They observed a rapid 
disappearance of the iodine reaction and formation of dextrin- 
like substance precipitable by alcohol. From such observa- 
tions they class isolichenin — their lichen starch — with soluble 
starch. The writer has further studied the action of saliva, 
diastase, and pancreatic extract. Typical experiments are 
given below: — 

LAI per cent isolichenin solution was treated at 38° C. with saliva. 
The " achromic point " was reached in about one minute, no erythro- 
dextrin stage being detected. Digestion was continued for an hour. 
The solution, tested from time to time, gave a slight reduction (with 
Fehling's solution) which did not increase in amount. Nylander's 
reagent gave no test for dextrose. The solution was precipitated with 
alcohol and the filtrate gave no reaction for sugars after removal of the 
alcohol. The precipitate of dextrin-like substance gave a slight reduc- 
tion.f A flocky blue precipitate was always present in the test. 
Towards diastase and amylolytic pancreatic extract isolichenin showed 
similar behavior. 
n. Isolichenin was treated with varying strengths of HCl (0.2-0.5 per cent) 
at 38° C. for twelve hours. No sugar was obtained in any instance. 

♦ Honig und St. Schubert, loc. cit, pp. 694-696. 

t Musculus and v. Mering (Zeitschr. fUr physiol. Chemie, 1876, ii, pp. 410- 
419) obtained from glycogen and starch achroodextrins which likewise 
slightly reduce Fehling's solution. 
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The unusual behavior of isolichenin towards amylolytic 
enzymes — the formation of dextrins without sugars — recalls 
the formation (from glycogen) of dystropo-dextrin, an achro- 
odextrin resisting the further action of enzymes.* 

The peculiar carbohydrates of Cetraria islandica are doubt- 
less merely types of those occurring in numerous other 
varieties of this group of plants. 

« Seegen, Archiv f. d. gee. PhjsioL, 1879, ziz, p. 106; Tcbb, M. C, Journal 
of Physiology, 1898, xzU, p. 428. 
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THE INFLUENCE OF BILE AND BILE SALTS ON 
PANCREATIC PROTEOLYSIS.* 

Bt R. H. CHITTENDEN and ALICE H. ALBRO. 

The natural commingling of bile and pancreatic juice in the 
duodenum is strongly suggestive of harmony of action, and 
it might reasonably be assumed that in pancreatic proteolysis 
the presence of bile would be in no wise inimical. Indeed, 
such few observations as have been recorded tend to show, as 
a rule, that the proteolytic action of the pancreatic enzyme is 
not materially impeded by the presence of bile or its consti- 
tuent salts. Thus, many years ago Heidenhainf observed 
that when an aqueous solution of dried pig's bile was added to 
a glycerin extract of the pancreas, the proteolytic power of 
the latter was not diminished, but apparently increased. A 
similar stimulating efiPect was observed on addition of a 1 per 
cent solution of sodium glycocholate to the enzyme-containing 
solution. The few experiments then made were purely quali- 
tative ones, proteolytic power being determined simply by 
noting the rate at which flocks of fibrin were dissolved. 
The results, however, were sufficiently convincing to lead 
Heidenhain to the conclusion that ^^ the salts dissolved in the 
bile have an influence similar to that of sodium chloride.'* 
Some years later LindbergerJ found that the well known 
inhibitory action of organic acids upon trypsin proteolysis may 
be overcome, to some extent at least, by the presence of bile 
salts. Thus he observed that the presence of 1-2 per cent 
of bile with some sodium chloride would enable a trypsin 
solution containing 0.02 per cent of lactic acid to digest fibrin 
as rapidly as a neutral solution of the enzyme; indeed, as 

* Reprinted from the American Jonmal of Fhjtiologj, vol. 1. 
t Heidenhain, Archiv fur die gea. Physiol., 1875, x, p. 579. 
t Lindberger, Jahresbericht f fir Thierchemie, 1883, p. 282. 

13 
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rapidly as an alkaline solution, provided the content of alkali 
was not too great. If, however, the proportion of lactic acid 
was raised to 0.05 per cent, then bile .and sodium chloride 
were without avail in stimulating proteolysis. Experiments 
made by the writer * some years ago likewise tended to show 
that the presence of bile in a pancreatic extract containing 
combined salicylic acid may increase somewhat the rate of 
trypsin proteolysis over that of the acid mixture alone. It 
was also shown at the same time that the addition of bile, 
even to the extent of 10 per cent, to neutral or alkaline 
pancreatic juice modifies only slightly the rate and extent of 
proteolysis ; under some conditions inducing a slight stimula- 
tion and under other conditions a more marked inhibition of 
proteolysis. It was likewise observed that the deleterious 
action of combined hydrochloric acid upon trypsin proteolysis 
was not overcome by the addition of bile. A few experiments 
reported by Martin and Williams f have also tended to indi- 
cate that bile and bile salts may stimulate somewhat the rate 
of pancreatic proteolysis. 

A careful survey of the results, and of the conditions under 
which the results were obtained, recorded up to this time, led 
the writer to the conclusion that the addition of bile to a 
neutral or alkaline pancreatic juice causes but little change in 
its proteolytic action. Some slight stimulation may be pro- 
duced, but there is no convincing proof that this is of constant 
occurrence or sufficient in degree to possess much physiological 
significance. We have been more inclined to the view that 
while the presence of bile in the intestine may be of primary 
importance for the assimilation of fats, its action upon trypsin 
proteolysis is chiefly negative; t. «., it neither retards nor 
stimulates proteolysis to any very great degree, under ordinary 
conditions. Recently, however, another paper { bearing on this 
subject has appeared, which renders necessary a reconsideration 

« Chittenden and Cummins, Influence of Bile, Bile Salts, and Bile Acids 
on Amylolytic and Proteolytic Action, Amer. Chem. Journal, 18S5, yil, p. 50. 
t Martin and Williams, Proceedings of the Royal Society, 1890, zlyiii, p. 160. 
t Rachford and Southgate, Medical Record, 1896, zlyiii, p. 87& 
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of this question, for the results which the paper presents are 
so at variance with the above conclusions and so out of 
hannony with generally accepted views, that some explanation 
of the apparent divergence must be sought. This is all the 
more necessary from the fact that comparatively few systematic 
quantitative experiments have been tried. We have, therefore, 
attempted a thorough study of the subject with a view to 
establishing firmly tiie nature and extent of the action which 
bile and its constituents exercise upon pancreatic proteolysis. 

In the experiments reported by Rachford and Soutiigate 
emphasis is laid upon the fact that they were ^^ planned for the 
purpose of throwing some light on the proteolytic action of 
pancreatic juice, under the conditions which normally exist in 
the duodenum." With this end in view pure pancreatic juice 
was obtained from rabbits, through a pancreatic fistula, one 
rabbit yielding about 1 c.c. of the secretion in from four to six 
hours, this quantity sufficing for one experiment. As to the 
character of the bile employed there is no mention. We call 
attention to these facts because there is a manifest disposition 
on the part of these writers to accept the results of other 
workers in this field as conclusive for the pancreatic extracts, 
etc., employed, while their own divergent results are to be 
accepted as equally conclusive for the natural pancreatic juice. 
We are disinclined, however, to admit the correctness of this 
view. Pancreatic juice owes its proteolytic power to a specific 
enzyme. If the digestive power of this secretion is modified 
by the presence of bile through a specific action upon the 
enzyme, it is clear that this influence will be exerted whether 
we are dealing with the natural secretion or with an extract of 
the gland. If, however, the influence exerted is an indirect 
one, afiPecting the enzyme only through changes of reaction, 
etc., it is equally manifest that this ii^uence can be detected 
and measured to the best advantage when the environment is. 
thoroughly known. We see, therefore, no particular advantage 
in making use of the natural secretion in a study of this kind, 
especially where the volume available is so small as to render 
the attainment of accurate quantitative results somewhat 
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difficult. It is true theoretically that the addition of the fresh 
bile of an animal to the natural pancreatic juice of the same 
animal may constitute an ideal method for studying the in- 
fluence of the former upon the activity of the latter ; but when 
the exigencies of the case require that the digestive mixture 
be made by taking 5 drops of the natural pancreatic juice, 
adding 60 drops of water and 50 drops of a 4 per cent solution 
of bile,* we see very little reason for believing that the envir- 
onment is thereby made to approximate any more closely to 
normal conditions than with the use of artificial extracts of the 
gland. The point involved is to our minds an important one, 
aside from the bearing it has upon the question before us. 
For if it is true that the action of a given agent upon a specific 
enzyme, or upon the specific power of the enzyme, is neces- 
sarily different, when added to the natural secretion in which 
the enzyme is contained from that which results when the same 
agent is added to an extract of the enzyme, then much of our 
knowledge regarding the conditions modifying and regulating 
the action of the digestive enzymes is of questionable value. 

Rachford and Southgate seemingly incline to the view that 
the conditions under which their experiments were carried out 
approach closely those normally existent in the duodenum. 
Granting that this may be so, one is still inclined, after careful 
scrutiny of the conditions prevailing in their experiments, to 
wonder what the actiud conditions really were. Nowhere is 
there any mention made of the reaction of the fluids employed, 
nor of the reaction of the resultant mixture when bile, hydro- 
chloric acid, and pancreatic juice were combined. To state 
merely that a given digestive mixture was prepared by adding 
8 drops of pure pancreatic juice, 80 drops of 0.1 per cent 
hydrochloric acid, and 60 drops of a 4 per cent solution of bUe, 
leaves one in great doubt as to whether the mixture so manu- 
factured was acid, alkaline, or neutral, and if acid whether it 
contained free or only combined acid. These are obviously 
very important elements to know if definite conclusions are to 
be drawn in explanation of the results. Data of this sort, 
* Rachford and Southgate, loc. cit 
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however, are wholly wanting in the paper m question, henpe 
we are forced simply to take the results and guess at the actual 
conditions under which they were obtained. Further, so-called 
pure pancreatic juice, like the other digestive secretions, is 
subject to constant modification by the character and extent of 
the stimulation which calls it forth, while the character and 
condition of the semi-digested food passing from the stomach 
into the duodenum, together with the amoimt of free and 
combined acid, must necessarily lead to variable conditions in 
the duodenum. Add to this the well known variations in the 
rate of flow and composition of the bile, and we may well ask 
what are the conditions which normally prevail in the duode- 
num? Obviously, we cannot make a definite answer within 
very close limits, for the conditions are bound to be more or 
less variable. What we have to ascertain, therefore, is the 
influence of bile and its constituents upon the proteolytic 
action of the pancreatic juice or its specific enzyme under the 
various conditions which are liable to exist in the upper parjb 
of the small intestine. This, in our judgment, can be studied 
to the best advantage by the use of artificial pancreatic juice, 
or extracts of the active gland, where the quantity obtainable 
will be sufficient to admit of comparative experiments imder 
definite conditions. Moreover, the artificial pancreatic juice will 
not be widely different in the character of the proteid matter 
present from the natural secretion employed by Rachford and 
Southgate. Thus, these investigators state that from four to six 
hours were required for about 1 c.c. of the pancreatic juice to 
flow from the fistula. Plainly, during this interval the active 
proteolytic enzyme present would transform the natural proteids 
of the juice into peptone, amido-acids, etc., as completely as 
the transformation would be accomplished in the extracts them- 
selves. Hence, in this respect at least, both fluids must differ 
from the natural secretion normally poured into the intestine. 

I. Methods Employed. 

The pancreatic extracts employed in our experiments were 
prepared from two kinds of glands and by two distinct 
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methods. 1. Using Kiihne's well known method,* the fresh 
pancreatic glands of oxen were freed from fat and thoroughly 
dehydrated by long soaking in a large volimie of strong 
alcohol and lastly in ether. To prepare the extract, 20 grams 
of the dry tissue were warmed at 40° C. for 24 hours with 
200 c.c. of 0.1 per cent salicylic acid, the solution strained off, 
filtered through paper, made exactly neutral with sodium car- 
bonate, and diluted with water to 1 litre. The sodium 
salicylate formed on neutralization will serve to prevent 
putrefaction for short periods, while the addition of a little 
thymol will preserve the fluid indefinitely. 2. Using Roberts's 
method, t pancreatic glands from pigs, freed from fat, were 
groimd up with broken glass and soaked in four times their 
weight of 20 per' cent alcohol for 4-6 days with frequent 
agitation. The extract was then filtered through paper, 
yielding a clear, slightly yellow fluid of strong proteolytic 
power. 

The proteid material used in measuring the relative proteo- 
lytic power of the mixtures was purified blood fibrin, pre- 
pared by soaking carefully selected, well-washed fibrin in cold 
and boiling water until all soluble matter was removed, after 
which the fibrin was thoroughly extracted with cold and boil- 
ing alcohol and lastly with ether. The friable mass was then 
ground to a coarse powder and the latter passed through a 
series of sieves so as to bring together particles of the same 
size. It was then dried at 110° C. imtil of constant weight, 
and preserved for use. In some few experiments coagulated 
egg-albumin was made use of, in which case the actual content 
of dry proteid was determined by drying a given weight of 
the coagulum at 110° C. and then determining the ash by 
ignition. 

The character of the bile employed is specified in each 
experiment The secretion was always obtained as fresh as 

* Kiihne, Untenuchungen aus d. physiol. InBtitate, Heidelberg, 187S, I, 
p. 228. 

t Roberts, On the Digestiye FermentB, etc., The Lamleian LectureB, 
London, 1880. 



Digitized by VjOOQIC 



ON PANCREATIC PROTEOLYSIS. 199 

possible, and when from dogs or cats it was usually obtained 
through a temporary biliary fistula. 

In arranging the experiments each digestive mixture in a 
series was made to contain the same volimie of pancreatic 
juice for each gram of dried fibrin — usually 10 c.c. or 20 c.c. 
according to the strength of the juice — with a total volume 
of 50 C.C. ; water, bile, bile salts, acid, alkali, etc., being added 
in the proportions necessary to give the percentages specified 
All the mixtures of a series were placed in the same water-bath 
at 40° C, all stirred equally, and when digestive action was 
suflSciently advanced the undigested residues were collected on 
weighed filters, previously dried at 110** C, in glassnstoppered 
weighing bottles, and washed thoroughly with hot water, and 
lastiy with alcohol and ether. On drying tiie papers with their 
contents at 110° C. until of constant weight the proportion of 
undigested matter was readily ascertained, from which the 
relative proteolytic action of the several mixtures was easily 
calculated. It is hardly necessary to add that all the mixtures 
of a given series were kept at 40° C. for the same length of 
time, usually 2-4 hours, it being our aim to have the proteid 
material in the control mixture digested to the extent of 40- 
60 per cent. 

n. Influence op Fbesh Bile on the Proteolytic 

Action op the Pancreatic Enzyme in Neutral 

Solution. 

The following quantitative results show the extent and 
character of the influence exerted by bile from various sources 
upon neutral solutions of trypsin: — 

Ezpeziment 1. Bigg's bile. Neutral extract of pig's pancreaf . 

Per cent of BOs. Undigested Berfdae. Vlbrin Digested. BelatiTe Proteolytic Action. 






0.4882 gram 


56.18 per cent 


100.0 





0.4477 


55.23 


98.3 


1.0 


0.4891 


51.09 


90.9 


3.0 


0.4922 


50.78 


90.8 


6.0 


0.4616 


5a84 


95.8 


10.0 


0.4426 


55.74 


99.2 


15.0 


0.4204 


57.96 


108.1 


20.0 


0.4052 


59.48 


105.8 


25.0 


0.4206 


67.94 


108.1 
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0.4218 gram 


67.82 per cent 


100.0 


0.4380 


66.70 


O&O 


0.4690 


68.10 


91.8 


0.4706 


62.06 


91.6 


0.4668 


68.82 


92.2 


0.4528 


64.72 


94.6 


0.4172 


68.28 


100.8 
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Xzptriment t. Fig's bile. Neutral extract of pig's pancreas. 

Per ooot of BOa. UndigMted BeaidiM. Itbrin Digarted. BeUtiTt Ptotoolytic AfltlOD. 





1.0 

8.0 

6.0 

10.0 

16.0 

Sxpeziment 8. Pig's bile. Neutral extract of ox pancreas. 

Ptoroeniof BOe. Uodlgwted Baddue. Fibrin Digested. BelatiTe Proteolytio Actioa. 

0.8828 gram 61.77 per cent 100.0 

0.26 0.4089 69.61 06.6 

0.50 0.4176 68.26 04.8 

1.00 0.4948 60.62 81.7 

2.60 0.4816 61.86 88.9 

6.00 0.6100 49.00 79.3 

Ixperiment 4. Ox bile. Neutral extract of ox pancreas. 

Per cent of BOe. Undigerted Beeidae. Fibrin Digested. BelstiTe Proteoljtic Aotion. 

0.2873 gram 71.27 per cent 100.0 

1.0 0.8203 67.97 96.3 

2.0 0.8208 67.97 95.3 

3.0 0.3256 67.46 94.6 

6.0 0.8806 66.94 93.9 

10.0 0.3823 66.77 93.6 

15.0 0.8019 69.81 97.9 

Experiment 6. Ox bile. Neutral extract of ox pancreas. 

Per cent of BOe. Undigested Besidue. Fibrin Digested. BeUtlTe Proteolytic Action. 

0.0008 gram 39.92 per cent 100.0 

1.0 0.6880 41.20 108.2 

2.0 0.6049 89.51 98.9 

3.0 0.6157 38.48 96.2 

4.0 0.6287 87.13 93.0 

5.0 0.6228 87.72 94.4 

10.0 0.6179 88.21 95.7 

Experiment 6. I>og's bile. Neutral extract of ox pancreas. 

Per cent of BUe. Undigested Besidue. Fibrin Digested. BelstiTe Proteolytic Action. 

0.4070 gram 69.80 per cent 100.0 

1.0 0.4166 68.35 98.3 

2.0 0.4176 68.26 98.2 

8.0 0.4848 56.52 95.3 
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Xzperim«&t7. 

Pto c«nt of Bile. 

0.25 
0.50 
1.00 
2.60 
5.00 



Dog's bile. Neutral extract of oz pancreas. 

UndigMted BflildiM. Vlbtin Digsstod. BelaUTe Proteolytio Aetton. 

0.8858 gram 66.47 per cent 100.0 

0.8380 66.11 90.4 

0.3205 67.05 100.8 

0.3094 69.06 108.8 

0.8579 64.21 96.6 

0.3760 62.40 08.8 



Sspwiment 8. Dog's bile. Neutral extract of ox pancreas. 



FttocDtof BUa. 



0.25 

0.50 

1.00 

2.50 

5.00 

10.00 

15.00 



UndigMtedRaddiM. Vlbtin Digertad. BehitlT» PrataolTtio Aotkm. 



0.4585 gram 

0.4602 

0.4541 

0.4461 

0.4870 

0.4045 

0.4188 

0.4155 



54.65 per cent 

53.98 

54.59 

55.39 

56.80 

59.55 

58.12 

58.45 



100.0 
98.7 
99.8 

101.3 

loao 

108.9 
106.8 
106.9 



Bxparimant 0. Caf s bile. Neutral extract of ox pancreas. 

Pte oent of Bile. Undigerted Beeidae. FQniii Digested. BeletiTe Prateoljrtic Action. 

0.4189 gram 58.11 per cent 100.0 

0.4226 57.74 99.8 

2.0 0.4458 55.47 95.4 

7.0 0.4124 58.76 101.1 

Bxpwiment 10. Sheep's bile. Neutral extract of ox pancreas. 

Ptor cent of Bile. Undigedwd Beeidoe. Fibrin Digested. BelatlTe Proteolytic ActiOB. 

0.5161 gram 48.39 per cent 100.0 

0.25 0.5096 49.02 101.3 

0.50 0.5187 48.18 99.4 

1.00 0.6271 47.29 97.7 

2.50 0.5883 46.17 95.4 

5.00 0.5018 49.82 102.9 



Zzperiment 11. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of Bile. Undigerted Beaidne. Fibrin Digested. BelefelTe Proteolytio Aettoa 




0.25 
0.50 
1.00 
2.50 
5.00 
10.00 



0.2409 gram 

0.2801 

0.2709 

02645 

0.8011 

0.3870 

0.8142 



75.91 per cent 

76.99 

72.91 

73.55 

69.89 

66.80 

6a58 



100.0 
101.4 
96.0 
96.8 
92.0 
87.3 
90.3 
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Bxpariment 18. Sheep's bile. Neutral extract of ox pancreas. 



Pmr cent of BOe. Undigested Reeldiae. 




0.26 
0.50 
1.00 
2.50 
6.00 
10.00 



0.4826 gram 

0.4754 

0.4717 

0.4981 

0.4686 

0.4689 

0.4383 



Fibrin Digested. Beledve Prateolftle ActloB. 

61.74 per cent 100.0 

62.46 101.8 

62.88 102.1 

60.69 98.0 

68.16 102.7 
68.11 102.6 

66.17 108.6 



Experiment 18. Sheep's bile. Neutral extract of ox pancreas. 

Fibrin Digefltod. ReleliTe Pro(eolytlo 
65.76 per cent 100.0 

66.44 101.4 

68.61 104.2 



Per cent of Bile. 

0.6 
1.0 
2.5 
6.0 
10.0 



Undigeeted Reddne. 
0.3425 gram 
0.3866 
0.3149 
0.8258 
0.3427 
0.3287 



67.42 
66.73 
67.13 



102.6 

99.9 

102.0 



Bxperiment 14. Sheep's bile. Neutral extract of ox pancreas. 

Fibrin Digested. ReletiTe Protedlytio 
42.09 per cent 100.0 

42.96 102.0 

48.63 103.6 



Per cent of Bile. 

0.26 
0.60 
1.00 
2.60 
10.00 



Undigested Beddne. 
0.6791 gram 
0.6705 
0.5637 
0.6686 
0.6772 
0.6414 



48.64 
42.28 
46.86 



108.6 
100.4 
108.9 



Experiment Itf. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of BOe. Undigested Residue. Fibrin Digested. BelstiTe Proteolytic 

0.8507 gram 64.93 per cent 100.0 

1.0 0.3499 66.01 100.9 

2.6 0.8492 66.06 101.0 

6.0 0.3569 64.31 99.0 

10.0 0.3132 68.68 106u7 



Experiment 16. Sheep's bile. Neutral extract of ox pancreas. 

Per cent of BOe. Undigested Residne. Fibrin Digested. Beleti?e Proteolytic Action. 

0.8805 gram 66.96 per cent 100.0 

0.26 0.3282 67.18 100.3 

0.60 0.3243 67.67 101.4 

1.00 0.3344 66.56 99.4 

2.60 0.3446 66.64 97.8 

6.00 0.8398 66.02 9a6 

10.00 0.3076 69.24 108.4 
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Xspertment 17. Human bile.* Neutral extract of ox pancreas. 



Per cent of Bile. 




Fibrin Digested. 


BelBtlre] 


Proteo^ 





0.8042 gram 


60.58 per < 


cent 


100.0 


1.0 


0.2980 


70.20 




100.8 


2.0 


0.8175 


68.25 




98.0 


8.0 


0.3542 


64.58 




92.8 


5.0 


0.8662 


68.48 




91.2 


10.0 


0.3883 


61,67 




88.6 


20.0 


0.4885 


56.65 




81.4 


40.0 


0.4805 


56.05 




81.8 



In looking through these various experiments it is manifest 
that the addition of fresh bile to a neutral pancreatic extract 
does not give rise to any very great degree of stimulation, i. e., 
the proteid-digesting power of the enzyme is not markedly 
increased. Calling the digestive power of the control mixture 
without bile 100, it is rare to find the digestive power of the 
enzyme raised above 108 by addition of bile. Increased 
proteolysis, however, is certainly induced many times by the 
addition of bile, and it is somewhat noticeable that this increase 
is obtained more frequently in the presence of large per- 
centages — 10-25 per cent — than in the presence of smaller 
amounts. Still, in no one of our experiments do we find a 
confirmation of the results reported by Rachford and South- 
gate, who found on an average " that the proteolytic action of 
pancreatic juice on neutral fibrin was increased one-fourth by 
the addition of bile." Further, it is noticeable in our experi- 
ments that in fully 50 per cent of the results inhibition of 
proteolysis is produced, although here, likewise, the retarding 
effect is not very marked. Rarely does the relative proteolytic 
action fall below 90. Our results, therefore, seemingly justify 
the statement that the addition of bile to a neutral solution of 
the pancreatic enzyme, even to the extent of 25 per cent, does 
not materially modify its proteolytic power; stimulation or 
inhibition may result, but not, under ordinary circumstances, 
to any very great degree. Still, the question arises at once 
why we have both stimulation and retardation. Obviously, 

* Containing 17.96 per cent of solid matter. 
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some reason must exist for this apparent discrepancy in the 
results. First, however, we must call attention to the extent 
to which our analytical data can be trusted Many times, to 
be sure, duplicate results agree very closely, but experience 
has taught us that, under the conditions of our experiments, 
the limit of error is about 1 per cent. This means that where 
60-60 per cent of proteid matter is digested, relative proteolytic 
action may vary two points without having any special signi- 
ficance (see Experiments 1, 2, 9, 18, 20, and 30). It is plain, 
however, on carefully scrutinizing the preceding data, keeping 
in mind what has just been stated, that in some experiments 
bile manifestly tends to produce slight inhibition of proteolysis, 
while in other experiments, apparently under the same con- 
ditions, increased proteolysis results. It is further manifest 
that this difference in action is to be connected mainly with 
the character of the bile employed. Thus, it is to be noticed 
that increased proteolysis is much more common with sheep's 
and dog's bile than with ox or pig's bile. Such differences in 
action might indeed be expected when it is remembered how 
radically bile from different species of animals differs in com- 
position. Still with sheep's bile stimulation of proteolysis is 
not constant, neither is inhibition always characteristic of pig's 
bile ; but this is not strange when we recall how the bile from 
a given animal may vary in composition with changes in 
physiological conditions. Further, as Experiments 1 and 2 
indicate, a given sample of bile may when present in one pro- 
portion retard proteolysis, while a larger percentage will 
accelerate digestion. This suggests the possible presence in 
bile of two opposing factors, one tending to accelerate, the 
other tending to retard proteolysis. Clearly such action as is 
produced cannot be due solely to the characteristic bile-salts 
which are contained in such abundance in the bile. 

Bile is usually considered an alkaline-reacting fluid. Thus, 
Neumeister * states that '' the reaction of bile is alkaline ; it 
contains about 0.2 per cent sodium carbonate and about the 
same amount of alkaline-reacting sodium phosphate." It is 

* KeumeiBter, Lehrbuch d. phyBiol. Chemie, 2te Auflage, 1887, p. 196. 
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trae that fresh bile usually reacts alkaline to red litmus paper, 
but we have been unable to find any statements in the litera- 
ture justifying the assumption that sodium carbonate is 
present. Indeed, some comparatively recent observations 
made by Jolles * show that the bile of oxen, dogs, and pigs, as 
well as human bile, reacts acid to phenolphthaleln. This 
obviously does not imply the presence of free acid, although 
some free fatty acids may be present, such as stearic, palmitic, 
and oleic acids^f Jolles, indeed, concludes from his experi- 
ments that the fresh bile of man and the above-mentioned 
animals is not an alkaline or neutral fluid, but possesses a 
weak acid reaction. He finds, for example, on titrating ox- 
bile with a decinormal solution of potassium hydroxide, using 
phenolphthaleln as an indicator, that on an average 1 gram of 
bile requires 0.546 milligram KOH to neutralize the free 
acids or acidnsalts present. It is to be noted, likewise, that 
the acidity varies with different samples of bile, the extremes 
in ten experiments being 0.483 and 0.633. In pig's bile the 
average acidity was somewhat higher, 0.86 milligram KOH 
being required to neutralize the acid salts of 1 gram of bile. 
Further, the variations in acidity were much greater, the 
extremes in eight observations being 0.56 and 1.56. In dog's 
bile, on the other hand, the acidity (in one experiment) was 
only 0.42. Human bile, however, was much more strongly 
acid, 1 gram of bile requiring on an average 2.36 milligrams 
of KOH to neutralize the acid salts* These observations, 
which have an important bearing upon the subject under 
consideration, we are able to confirm in a general way through 
a large number of determinations made in this laboratory^ 
upon various kinds of bile. Only in rabbit's bile was there a 
failure to detect a measurable amount of acidity. Cat's bile, 
however, showed an acidity equal to only 0.23. Now, it is 
obvious from these statements that bile (excepting possibly 
rabbit's bile) cannot contain any alkali as strong as sodium 

« Jolles, A., Archiy f. d. ges. Physiol., 18M, Ixrii, p. I. 

t Lassar-Cohn, Zeitschr. f . phjsioL Chemie, 1883, zyii, p. 007. 

X By Ernest W. Brown. 
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carbonate. Such alkaline reaction as bile yields with red 
litmus, lacmoid, etc., must be due to the presence of such 
salts as NasHP04, NaHjPOi, etc. We may measure the 
amount of alkalinity in bile, using lacmoid as an indicator, by 
titration with a solution of decinormal hydrochloric acid. 
Using this method, Mr. Brown found on an average that pig's 
bile having an acidity equal to 0.50 milligram NaOH per 
gram had an alkalinity equal to 1.05 milligram HCl per gram. 
Sheep's bile with an average acidity of 0.45 possessed an 
alkalinity of 0.91. Ox bile with an average acidity of 0.43 
showed an average alkalinity of 1.50, while rabbit's bile flow- 
ing directly from the liver through a fistula and not coming 
in contact with the gall bladder had an alkalinity of 2.9 
without any measurable acidity. These statements would 
seem to show that the alkalinity as indicated by lacmoid is 
considerably greater than the acidity as indicated by phe- 
nolphthaleln, but this is not always the case, for in some of 
our experiments, to be quoted shortly, it will be observed 
that the acidity frequently predominates. We would call 
special attention, however, to the observation made with 
rabbit's bile, for if it is true that the latter fluid invariably 
has a strong alkalinity, the addition of such a bile to neutral 
pancreatic juice would obviously accelerate proteolysis. If 
Rachford and Southgate used by chance the bile of the rabbit 
in their experiments, it might help explain the great accelera- 
tion of digestion noticed by them on addition of bile to 
"neutral fibrin." The point, however, which we wish to 
emphasize is that the bile of most animals under ordinary 
conditions is not a strongly alkaline fluid, that it contains no 
such alkali as sodium carbonate, but on the other hand is 
possessed of a weak acidity due to the presence of certain acid 
salts, such as the phosphates of the alkalies, together with 
possible weak organic acids or other organic compounds. 
The fact that the acid reacting bile fails to produce any effect 
on blue lacmoid is convincing proof that the fluid does not 
contain free organic acids of any strength. On the other 
hand, fresh bile does possess a certain degree of alkalinity to 
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be detected by litmus and laemoid, but due mainly at least 
to the pi-esence of salts or compounds which are either acid 
to phenolphthalein, or which exist side by side with such 
compounds. Lastly, we would emphasize the fact already 
brought out, that the so-called acidity of the bile, and likewise 
the so-called alkalinity, have different values in difiEerent 
species of animals, and may likewise vary in the same species 
under different conditions of diet, etc. 

The bearing of these facts upon the problem before us is 
sufficiently manifest. The addition of bUe to a neutral pan- 
creatic fluid (neutral to litmus) must plainly introduce a 
change in the reaction, as measured by either litmus, lacmoid, 
or phenolphthalein. Further, owing to the variations in the 
acidity and alkalinity, already referred to, it is clear that differ- 
ent samples of bile will produce different results, and when it 
is remembered how sensitive the proteolytic enzyme trypsin 
is toward changes of reaction, it is obvious that this feature 
cannot be overlooked in considering the influence of bile upon 
pancreatic proteolysis. 

Let us consider now the character of the bile used in some 
of the preceding experiments on proteolysis. 





Degree of 
Acidity.* 


Degree of 
Alkalinity.t 


Experiment 2. Pig's bile . 
Experiment 3. " " . 
Experiment 7. Dog's bile . 
Experiment 8. *' ** 
Experiment 12. Sheep's bile 
Experiment 18. " " . 
Experiment 14. « '" . , 






0.50 

o.eo 

0.90 
0.76 
0.50 
0.40 
0.60 


1.17 

0.54 
0.40 
0.37 
0.01 
0.73 



These data show us at once that in introducing say 10 per 
cent of bile into the digestive mixtures, variations in reaction 
must necessarily ensue. Contrast, for example, the bile used 

* Expressed in milligrams NaOH required to neutralize 1 gram bile, phe- 
nolphthalein as indicator. 

t Expressed in milligrams HCl required to nentralixe 1 gram bile, Ucmoid 
as indicator. 
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in Experiments 2 and 7, also in 12 and 18. Here we have 
marked differences in the ratio of acid salts to alkaline salts, 
but without any appreciable difference in the relative pro- 
teolytic action of the mixtures. Everything else being equal, 
we should expect to find increased proteolysis most marked in 
those mixtures where the bile introduced showed a predomi- 
nance of alkaline salts, but no such conclusion can be drawn 
from the results. On the contrary, it is plain that such slight 
influence as bile exerts on the proteolytic action of neutral 
pancreatic juice is not connected primarily with change 
of reaction, but must be attributed to some other cause. 
These points, however, will be referred to again in another 
connection. 



nL Ikfluenob of Fbesh Bile on thb Pboteolytig 
AcnoN OF THE Pancreatic Enzyme in Alkalinb 
Solution. 

The experiments embraced under this head were conducted 
in the same manner as those previously described, except that 
to each digestive mixture was added 0.125 gram of sodium 
carbonate. Hence, each mixture contained 0.25 per cent 
sodium carbonate, unless modified by the bile added. Follow- 
ing are the results obtained : — 



Xspttriment 18. Pig's bile. Alkaline extract of ox pancreas. 

Fur ouit of BOe. UndigMted BatidiM. VQirln DIgwrted. ReI«tlTe Prateotytie AotiOB. 






0.3721 gram 


62.79 per cent 


100.0 





0.3790 


62.10 


08.9 


1.0 


0.4440 


66.00 


88.6 


1.0 


0.4360 


66.60 


89.9 


2.0 


0.4400 


66.10 


87.7 


2.0 


0.4099 


68.01 


84.4 


6.0 


0.4318 


66.82 


90.4 


6.0 


0.4230 


67.70 


91.8 


10.0 


0.4266 


67.46 


91.4 


L0.0 


0.4198 


68.02 


92.4 
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Ezperiment 19. Pig's bile. Alkaline extract of pig's pancreas. 

PwoentofBOe. Undigested Baddae. Fibrin Digested. BelsaTe Proteolytic Aotton. 

0.8769 gram 62.81 per cent 100.0 

1.0 0.8762 62.48 100.2 

10.0 0.8997 60.03 96.8 

15.0 0.4087 69.63 95.6 

26.0 0.4849 66.61 90.6 

60.0 0.6048 49.62 79.4 

Bzperiment 20. Pig's bile. Alkaline extract of pig's pancreas. 

Per cent of BOe. Undigested Bealdne. FSbiln Digested. ReI«tiTe Proteolytic Aotioa. 






0.1686 gram 


84.66 per cent 


100.0 





0.1498 


86.02 


100.4 


8.0 


0.2080 


79.20 


93.6 


6.0 


0.2177 


78.23 


92.4 


10.0 


0.2462 


76.88 


89.0 


16.0 


0.2400 


76.00 


89.7 


20.0 


0.2608 


73.97 


87.8 


26.0 


0.2428 


76.72 


89.4 


30.0 


0.2660 


74.40 


87.8 


40.0 


0.2748 


72.67 


86.7 


Experiment 81. 


Pig's bile. Alkaline extract of ox pancreas.* 




Per cent of Bile. 




Albnmin Digested. BelatiTel 


>roteo]yt 





0.0691 gram 


88.41 per cent 


100.0 





0.0832 


89.20 


100.8 


2.0 


0.1820 


82.80 


93.6 


6.0 


0.0766 


90.07 


101.8 


16.0 


0.0267 


96.66 


109.3 


20.0 


0.0262 


96.47 


109.1 


Experiment 82. 


Ox bile. Alkaline extract of ox pancreas. 




Per cent of Btle. 


Undigested Besidoe. 


Fibrin Digested. BelAtivel 


•roteolyt 





0.2482 gram 


76.18 per cent 


100.0 


1.0 


0.2666 


74.36 


98.8 


2.0 


0.2771 


72.29 


96.1 


8.0 


0.2929 


70.71 


94.0 


4.0 


0.2860 


71.40 


94.9 


6.0 


0.2862 


71.38 


94.9 


10.0 


0.3086 


69.64 


92.6 


16.0 


0.2827 


71.78 


96.4 



* In this experiment, thoroughly washed coagulated egg-albumin was em- 
ployed instead of blood fibrin. Each mixture contained originally 3 grama 
of the coagulum = 0.7707 gram of dry proteid. 

14 
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£zp«riment 88. 


Calfs bile. 


Alkaline extract of oz 


pancreas. 




FtoeentofBI]«. 




Fibrin DlgMtod. 


Belsfetre 


ProtMlytio 





0.2996 1 


gnm 


70.04 per cent 


100.0 


1.0 


0.3100 




68.10 




.2 


2.0 


0.8409 




66.91 




94.1 


8.0 


0.3848 




66.62 




94.9 


4.0 


0.8814 




66.86 




96.4 


6.0 


0^118 




68.87 




98.8 


10.0 


0.2662 




78.88 




104.6 


16.0 


0.2760 




72.60 




108.6 



Experiment 94. Hnman bile.* Alkaline extract of ox pancreas. 

Per c«nt of BOe. Undigerted BeiidiM. Fibrin DlgMtod. BelatiTt Protaotytio Actiim. 






0.2960 giam 


70.40 per cent 


100.0 


0.6 


0.8080 


69.20 


98.2 


1.0 


0.8091 


69.09 


98.1 


2.0 


0.8086 


69.16 


98.2 


8.0 


0.8074 


69.26 


98.8 


6.0 


0.3267 


67.33 


96.6 


10.0 


0.8360 


66.40 


94.8 


20.0 


0.8980 


60.20 


86.6 


40.0 


0.4904 


60.96 


72.8 



FtoroentofBOe. 


Undlgwted BMidiM. 





0.1698 gram 





0.1779 


0.6 


0.1866 


1.0 


0.2237 


6.0 


0.2041 


10.0 


0.2433 


16.0 


0.2481 



Bzperiment 85. Dog's bile. Alkaline extract of pig's pancreas. 

Fibrin DfgMtod. Relative PnteolTtlc Action. 

84.02 per cent 100.0 

82.21 97.8 

81.46 96.9 

77.63 92.8 

79.69 94.7 

75.67 90.0 

76.19 89.4 



Sxperiment 86. Dog's bile. Alkaline extract of pig's pancreas. 

PeroentofBOe. Undlgerted Reridna. Fibrin Digegted. Rehitive Proteolytio Aotfoa 

0.1884 gram 81.16 per cent 100.0 

2.0 0.1618 84.87 104.6 

4.0 0.1148 88.52 109.0 

8.0 0.1470 85.80 105.1 

15.0 0.1894 81.06 99.8 

* Containing 13.3 per cent of solid matter. 
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Bzparimaiit 87. Dog's bile. Alkaline extract of pig's pancreas. 

IteoantofBfle. UndJgeited BeddiM. Fllnin DfgMtod. BeUfeiTe Fioteolytlo Action. 
0.8913 gram 60.87 per cent 100.0 

6.0 0.8698 64.07 106.2 

10.0 0.8622 63.78 1016 

Szperiment 88. Dog's bile. Alkaline extract of ox pancreas. 
Pte oant of BUe. Undigerted Baddoa. Fthrin Digested. BelatiTe Proteoljtie Aotion. 
0.5874 gram 46.26 per cent 100.0 

0.5267 47.88 102.3 



Bzperiment 88. Sheep's bile. Alkaline extract of ox pancreas. 



Per cent of BOe. 




Fibrin IHgeeted. Belitlva Protaolytio Aotion. 





0.8986 gram 


60.66 per cent 


100.0 


0.26 


0.3880 




61.20 


100.9 


0.60 


0.4079 




69.21 


97.6 


2.60 


0.4236 




67.64 


96.8 


5.00 


0.4186 




68.66 


96.7 


10.00 


0.4002 




69.98 


08.8 


Ixperiment 30. 


Sheep's bile. 


Alkaline extract of ox pancreas. 




FeroentofBOe. 









' 0.8284 gram 


67.16 per cent 


100.0 





0.8880 




66.70 


99.8 


0.26 


0.8203 




67.07 


99.8 


0.50 


0.8828 




66.72 


99.8 


1.00 


0.3151 




68.49 


101.9 


2.50 


0.2937 




70.63 


105.1 


6.00 


0.2918 




70.87 


106.6 


10.00 


0.2636 




78.66 


109.6 


16.00 


0.2419 




76.81 


112.8 



On looking through these results and comparing them with 
those of the preceding series, it is apparent that the addition 
of bile to an alkaline pancreatic juice is liable to produce a 
greater relative retardation of proteolysis than the addition of 
the same amount to a neiUral pancreatic fluid. An alkaline 
pancreatic juice, however, containing even 40 per cent of bile 
will digest as much proteid in a given time as the same 
pancreatic fluid neutralized but without the addition of bile. 
If the control mixtures of the two series are compared, it wiU 
be observed that the alkaline fluids dissolve on an average about 
10-15 per cent more proteid than the neutral fluids. This is 
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merely an illustration of the well-known fact that a weak 
alkaline fluid is much more fayoiable for pancreatic proteolysis 
than a neutral fluid. We are inclined to attribute such 
retardation of proteolysis as bile induces when added to an 
alkaline pancreatic fluid in great part to the reduction of alka- 
linity liable tx) occur. We say liable because this will depend 
primarily upon the relative proportion of acid and alkaline 
salts in the bile. When the latter contains a relatively large 
proportion of acid salts, as indicated by phenolphthalein, the 
addition of large percentages of such a bile will rapidly diminish 
the amount of sodium carbonate present, since the latter will 
be more or less used up in transforming the acid compounds 
into neutral ones. This is well illustrated in Experiment 20, 
wherein actual examination showed that at the conclusion of 
the digestion all the mixtures containing more than 15 per 
cent of bile had lost entirely their alkaline reaction toward 
litmus. In other words, the acid-reacting compounds con- 
tained in 10 grams of this bile was sufficient to neutralize the 
0.125 gram of sodium carbonate originally present in the 
mixture. In harmony with this fact it is to be noted through- 
out these latter experiments that retardation is most marked 
in the presence of those biles which have been shown to have 
as a rule the highest acidity, viz., pig's bile and human bile. 
With dog's bile, on the other hand, in which acidity is usually 
very slight, no retardation whatever was observed; all three 
experiments gave evidence of some slight stimulation of pro- 
teolysis. The occasional stimulation noticed with sheep's bile 
and pig's bile we attribute in part to the lower acidity of the 
samples used. Leaving these points out of consideration, 
however, and turning our attention to the collected data, it 
is plain that the addition of even 40 or 60 per cent of bile 
to an alkaline pancreatic fluid does not greatly retard the 
proteolytic action of the enzyme (see Experiments 19, 21, 
and 24), certainly no more than would result from neutraliza- 
tion of the alkalinity. By this we do not mean that the 
specific bile salts are without influence on pancreatic proteoly- 
sis, but merely that the changes in reaction resulting from 
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addition of normal bile are in themselves sufficient to account 
for the retardation noticed. Similarly, such stimiilation of 
proteolysis as results may be due as much to a more favorable 
change in the reaction of the mixture as to any other cause. 

rv*. Influence of Bile Salts on the Proteolytic 
Action op the Pancreatic Enzyme in Neutral 
AND Alkaline Solution. 

In considering the action of the salts of the bile acids on 
pancreatic proteolysis it is to be remembered that in ox bile 
both glycocholate and taurocholate of sodium are present, 
although the proportion of the two acids is subject to consid- 
erable variation. In most cases, when ox bile is acidified, the 
proportion of taurocholic acid present is sufficient to hold the 
less soluble glycocholic acid in solution, but in some cases 
the latter predominates to such an extent that it will ciystallize 
out under the above conditions. Thus Marshall* found as 
the result of an examination of 543 samples of bile from as 
many oxen that a separation of glycocholic acid could be 
obtained in only 121 cases, t. e., in 22.2 per cent. This fact is 
worthy of note in the present connection as illustrating not 
only the variable composition of bile from a given species, but 
also as an indication of the variability of composition to be 
expected in the preparation of " crystallized bile." f Further, 
in pig's bile we have to do mainly with the sodium salts of 
two special forms of glycocholic acid known as a- and /S- 
hyo-glycocholic acid.J In the preparation of crystallized bile, 
t. 6., the sodium salts of the above acids, the ordinary methods 
of procedure were followed, and need not be detailed here. 

Following are the results obtained in studying the influence 
of these preparations on pancreatic proteolysis under the 
conditions specified : — 

• Marshall, J., Zeitochr. f. physiol. Chemie, 1887, ii, p. 233. 

t For the yariation in the proportion of glycocholate and taurocholate 
present in human bile see the results reported by Ham mars ten : Zur Kenntniss 
der Lebergalle des Menschen. Mitgetheilt der konlgl. Gesellsch. d. Wissen- 
8chaften zu Upsala, 15 Juni, 1803. Separatabzag. 

X Jolin, S., Zeitschr. f . physiol. Chemie, 1888, xii, p. 512, and xiii, p. 205. 
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XsperiiMiit 81. Crystallized ox-bile salts. Neutral extract of ox pancreas. 
Pte cent of Bfl* Siati. Undigerted BatidiM. Fibrin DfgMtad. BAlnttre Proteolytic Aetion. 






0.2038 gram 


70.67 per 


cent 


100.0 





0.2707 


72.93 




103.1 


1.0 


0.2819 


71.81 




101.6 


2.0 


0^2679 


74^21 




106.0 


ao 


0.3144 


68.60 




97.0 


6.0 


0.8790 


02.10 




87.8 



Xspeximent 82. Crystallized ox-bile salts. Neutral extract of ox pancreas. 
PttcontofBlleMts. Undigerted Bfltidao. Fibrin Dlgerted. BelnfelTO Proteolytie AeUon. 






0.8866 j 


gnm 


61.34 per cent 


100.0 


0.26 


0.4481 




66.19 


89.9 


1.00 


0.4676 




68.26 • 


86.8 


2.00 


0.4661 




63.49 


87.2 


8.00 


0.4628 




64.72 


89.2 


6.00 


0.4300 




66.40 


91.9 



Experiment 88. Crystallized ox-bile salts. Alkaline * extract of ox pancreas. 
F«rc«itotBI]e8iati. Undlgerted Baridno. Fibrin Digested. BeletlTe Ptoteoljtie Aotton. 






0.4940 gram 


60.60 per cent 


100.0 





0.4970 


60.30 


99.4 


1.0 


0.4729 


62.71 


104.1 


2.0 


0.4466 


66.86 


109.3 


&0 


0.4722 


62.78 


104.3 



UndigeetedBeddne. 


Fibrin Dfgeeted. RelatlTe! 


^loteolyl 


0.6374 gram 


46.20 per cent 


100.0 


0.6277 


47.23 


102.2 


0.6469 


46.41 


oas 


0.6678 


44.27 


96.8 


0.6987 


40.13 


86.8 



Experiment 84. Pure crystallized sodium glycocholate. Alkaline extract of 
ox pancreas. 

Per cent of 
Olyoocholete. 




1.0 
2.0 

ao 

Experiment 86. Bile salts from pig's bile. Neutral extract of pig's pancreas. 

Per cent of Bile BeltL Undigested Beeidne. Fibrin Digested. BelattTO Pioteoljtie AoUon. 

0.6781 gram 42.19 per cent 100.0 

0.6 0.6197 88.03 90.1 

1.0 0.6427 86.78 84.6 

2.0 0.6894 81.06 73.6 

ao 0.7106 2a96 oao 

* Each mixture containing 0.26 per cent sodium carbonate. 
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Szperimtiit 86. Bile Milts from pig's bile. Alkaline extract of pig's pancreas. 
Ptt cent of BQe Bftlta. Undigwted BmMiis. Flbrfai Digested. Balatlve Protaolytio AoUon. 






0.4086 gram 


60.66 per cent 


100.0 


0.6 


0.4069 


60.11 


08.0 


1.0 


0.4760 


62.60 


108.6 


2.0 


0.4700 


62.01 


104.4 


8.0 


0.6888 


46.17 


91.1 



The contrast between the results obtamed in the two pre- 
ceding experiments led to our testing the reaction of the bile 
salts prepared from pig's bile, and it was found that they 
were quite strongly acid to litmus. It is thus evident that 
the marked inhibition of proteolysis observed in Experiment 
85 was due, in part at least to the increasing acidity of the 
mixtures. In Experiment 86, on the other hand, the 0.125 
gram of sodium carbonate present overcame this acidity ex- 
cept in the mixture containing 8 per cent of the bile salts. 



Sxperiment 87. Bile salts from pig's bile. Alkaline extract of pig's pancreas. 
These bile salts were exceedingly acid, hence 0.26 gram NajCOs ^<^* added 
to each mixture, thns making the amount of this salt 0.6 per cent in the 
control. In the presence of 8 per cent of the bile salts, however, the 
alkalinity was reduced to one-fifth. 

Fm cent of Bile Salts. Undigested Bcatdne. Fibrin IMgerted. BelitiTe Proteolytio Action. 






0.1762 gram 


82.48 per cent 


100.0 


0.6 


0.2046 


79.66 


96.4 


1.0 


0.2142 


78.68 


96.2 


2.0 


0.2282 


77.18 


98.6 


8.0 


0.8281 


67.19 


81.4 


Experiment 88. 


Bile salts from pig's 


bile, made neutral before addition. Al- 


kaline extract of pig's pancreas. 


Each mixture containing 0.26 per cent 


NajCOs, as 


usual. 








nbrln Digested. BelitiTe Proteolytio Action. 





0.1846 gram 


81.64 per cent 


100.0 


0.6 


0.2249 


77.61 


06.0 


1.0 


0.2207 


77.98 


06.6 


2.0 


0.2222 


77.78 


. 06.8 


8.0 


0.2824 


76.76 


94.1 


6.0 


0.2648 


74.67 


91.4 
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Szp«rimeiit 89. Bile salts from pig's bile, made neutral before addition. 
Extract of ox pancreas. 



Chanctor of tlM Fluid. ^SSSST* 


Fibrin 
DigMted. 


BOjMn 
Proteolytic Action. 


Neutral + Bile salts 0.6499 gram 


46.01 per 


oent 


100.0 


" +1.0% « 0.6467 


86.33 




78.4 


" -1-8.0% " 0.6966 


80.34 




67.4 


« +6.0% « 0.7701 


22.99 




61.0 


0.26% Na,CO, + Bile salts 0.2748 


72.62 




161.1 


" +1.0% " 0.8992 


60.06 




183.4 


" +3.0% « 0.6288 


47.62 




106.7 


" +6.0% " 0.6760 


82.60 




72.2 



A critical exazninatioii of the foregoing results shows us 
first that the bile salts from ox bile have no very great influ- 
ence in either direction upon pancreatic proteolysis. In two 
experiments (31 and 33) there is some evidence of accelera- 
tion, while in one experiment retardation is more noticeable. 
With pure sodium glycocholate (8 per cent) relative proteo- 
lytic action is reduced from 100 to 87. In Experiment 47, 
to be quoted later, stimulation of proteolysis is quite marked. 
In considering these results, however, in their bearing on the 
influence of fresh bile, it is to be remembered that 3-5 per 
cent of these bile salts are equivalent to the addition of 40- 
60 per cent of the original bile. With regard to the apparent 
difference in action of the several samples of ox bile salts we 
are inclined to attribute this to variations in the proportion 
of glycocholate and taurocholate present. Pure glycocholate, 
other influences excluded, seems to have a greater inhibitory 
action than the mixed salts, and possibly the more pronounced 
retardation seemingly characteristic of the salts from pig's 
bile is due to the fact that the salts are mainly glycocholates. 
Still, it is to be observed that the samples of salts from pig's 
bile vary considerably in the intensity of their action, and 
this independently of their acidity, for when the latter is neu- 
tralized the same retarding effect is still produced. Some- 
what noticeable also is the difference in intensity of action 
of the neutralized bile salts (from pig's bile) when added to 
the pancreatic juice of the same species as contrasted with 
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the result obtained when the salts are added to the pancreatic 
extract from another species (contrast Experiments 88 and 
39). The results collectively certainly warrant the conclu- 
sion that the isolated bile salts taken by themselves do not 
exert any very marked stimulation of pancreatic proteolysis. 
They may, on the other hand, give rise to some retardation, 
— an effect which is seemingly more characteristic of the 
salts from pig's bile than of those common to ox bile. It is 
to be noted, however, that the salts from pig's bile were not 
so pure chemically as the crystaUized salts separated from ox 
bile, but frequently showed an acid reaction. 

The above somewhat imsatisfactory results have served to 
strengthen our conviction that such limited action as normal 
bile exerts on pancreatic proteolysis is the result mainly of 
influence on the reaction of the digestive mixture, and that 
many agencies other than the specific bile salts are concerned. 
No doubt, some of these are more or less antagonistic to each 
other. Thus, pig's bile, as has been frequently stated by 
many observers, is liable to be extremely viscid, but the vis- 
cidity is not always conspicuous ; at times the bile is quite 
limpid. This viscidity is due, in great part at least, to a 
mucin or nucleoalbumin, precipitable by alcohol, and we have 
found that when this substance is removed from the bile there 
is a noticeable difference in the influence of the fluid on pro- 
teolysis. We may cite the experiments on p. 218 : — 

It is noticeable from these two experiments that the re- 
moval of the nucleoalbumin, with possibly some of the inor- 
ganic salts from pig's bile, diminishes in a general way the 
retarding effect of the latter on proteolysis. Somewhat 
noticeable also is the peculiar relationship in the rise and 
fall of proteolysis under the influence of different percent- 
ages of the two samples. 

With ox bile an attempt was made to separate the fluid 
into three distinct fractions, using methods which would 
presumably cause little or no change in the nature or com- 
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Fresh pig^s bile, very viscid, having a specific gravity of 1086, an acidity 
of 0.58, and an alkalinity of 1.15, was treated with five volumes of strong 
alcohol, the precipitate filtered off, and washed with alcohoL The united 
filtrate and washings were then evaporated for the removal of the alcohol, 
and the fluid made up with distilled water to the original volume. The acid- 
ity was now 0.48, and the alkalinity 0.90. The action of a portion of the 
original fresh bile and of the bile freed from nucleoalbumin, etc., on proteo- 
lysis was then tested. 

Sxperimoit 40. With fresh pig's bile. Neutral extract of ox pancreas. 

Per cent of Blla. UndJfMted Baddue. FQnin INgMtod. BelatlTe ProteolTtio Aetton. 

0.5777 gram 42^ per cent 100.0 

0.26 0.6088 80.12 02.6 

0.60 0.6241 87.69 80.0 

1.00 0.7000 80.00 71.0 

2.60 0.7118 28.82 68.2 

6.00 0.6496 86.04 82.9 

10.00 0.7286 27.66 66.4 

ExperiiiMnt 41. With bile freed from nucleoalbumin. Neutral extract of ox 
pancreas. 

ParoenftofBIls. Uiidigwted Basidiw. FOniii INgMted. BetatEve Pkotaoljtio Aotian* 

0.6446 gram 86.64 per cent 100.0 

0.26 0.6666 84.44 06.9 

0.60 0.6661 88.49 94.2 

1.00 0.7007 29.93 84.2 

2.60 0.7861 26.49 74.6 

6.00 0.7217 27.88 78.8 

10.00 0.6698 84.02 06.7 



position of the various constituents. For this purpose 440 
C.C. of fresh ox bile, containing 12.4 per cent of solid matter, 
were evaporated to a very thick syrup on the water-bath and 
precipitated with absolute alcohol. The small precipitate 
which resulted was filtered off, washed thoroughly with al- 
cohol, and then dried over sulphuric acid. It weighed 2.27 
grams. The alcoholic filtrate was treated with a laige volume 
of ether, the precipitated bile salts filtered off, washed thor- 
oughly with ether, and dried. The alcohol-ether filtrate was 
allowed to evaporate, and finally brought to complete dryness 
on the water-bath. The effect of these three fractions on 
pancreatic proteolysis was then determined in the usual man- 
ner. The bile salts and the residue from the alcohol-ether 
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filtrate were readily soluble in water, but the alcoholic pre- 
cipitate was not completely soluble. Following are the re- 
sults obtained: — 

Bxpariment 42. With a neutral extract of oz pancreas. 



Per cent of Bile Constttueiite. 



0.50BUesalto . 

1.00 " 

1.60 « 

0.25 Alcoholic p.p. 

0.60 

1.00 

0.60 Alcohol-ether filtrate 

1.00 

1.60 



Undigwted 
Beeldue. 



0.4217 gram 

0.4688 

0.4462 

0.4416 

0.8862 

0.8704 

0.4069 

0.4147 

0.4082 

0.8769 



Fibrin BelatiTe 

Digested. Proteolytic Action. 

57.88 per cent 100.0 



5167 
55.48 
56.85 
61.88 
62.96 
59.41 
58.58 
59.68 
62 41 



94.5 
96.9 
96.5 
106.1 
108.8 
102.7 
101.2 
108.2 
107.9 



Per cent of Bile OonitltaeiitB. 



bperiment 43. A duplicate of the preceding, except that an alkaline (0.25 
per cent NafCOs) extract of ox pancreas was employed. 

Undigeeted Fibrin BeletlTe 

Beddoe. Digested. Proteolytic Action. 

0.1886 gram 81.14 per cent 100.0 

0.2847 71.58 88.1 

0.2888 71.17 87.7 

0.2655 78.45 90.5 

0.2888 76.12 98.8 

0.2845 76.65 94.8 

0.2870 76.80 94.0 

0.2478 76.27 92.7 

0.2929 70.71 87.1 

0.2689 78.11 90.1 



0.50 BUe salto . 

1.00 

1.50 

0.25 Alcoholic p.p. 

0.60 

1.00 

0.60 Alcohol-ether filtrate 

1.00 

1.60 '* *• 



From the first of these two experiments, where a neutral 
pancreatic fluid was employed, it is seen that the fraction con- 
taining the bile salts produces a slight inhibition of proteolysis, 
while the other two fractions increase the proteolytic action of 
the enzyme. Also noticeable is the tendency of the material 
from the alcohol-ether filtrate to increase proteolysis in pro- 
portion to the amount added, while the favorable action of the 
alcohoHc precipitate appears to diminish with increase in the 
proportion used. That these peculiarities of action, however, 
are not due to any direct influence upon the proteolytic 
enzyme is evident from the fact that in the second experiment 
where the reaction of the digestive mixtures is alkaUne these 
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differences disappear. The bile salts still produce inhibition, 
but the other two fractions no longer give rise to increased 
proteolysis ; on the contrary, they tend to check the rate of 
proteolysis. It is thus clearly evident that in bile there are 
present various elements capable under different conditions of 
producing divergent effects, in minor degree, upon pancreatic 
proteolysis — effects which may counterbalance each other to 
some extent. 

V. Influence of Bile and Bile Salts on the Pro- 
teolytic Action of the Pancreatic Enzyme in 
THE Presence of Free and Combined Acids. 

It has been generally accepted, on the basis of what has 
seemed sufficient experimental evidence, that the proteolytic 
enzyme of the pancreas is practically inactive in the presence 
of free hydrochloric acid.* Even free organic acids inhibit 
almost completely the action of the enzyme. Further, the 
presence of combined acid, t. «., combined with proteid matter, 
checks to a greater or less degree the activity of the digestive 
fluid. Rachford and Southgate, however, state : " in our ex- 
periment we have found that the proteolytic action of pan- 
creatic juice on fibrin is quite as strong in a ^ per cent 
hydrochloric-acid solution as it is in a neutral solution. If 
there is any difference, in fact, it is in favor of the hydro- 
chloric-acid solution." The statement is positive, but we can- 
not find in their paper any concltisive evidence as to the actual 
degree of acidity. Thus, to quote one of their experiments, 
10 minims of pure pancreatic juice, 50 minims of water, and 
80 minims of 0.1 per cent hydrochloric acid were mixed 
together ; — but how much of this acid was used in neutraliz- 
ing the alkalinity of the pancreatic juice, and how much was 
combined with the proteids of the secretion? Nowhere in 
their paper can we find any evidence of discrimination between 
free and combined acid, or any attempt to determine the actual 

* Chittenden and Cummins, Studies in Physiol. Chemistry. Yale Uniyer. 
1885, vol. i, p. 135. This paper contains full references to other work in this 
direction. 
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percentage of either free or combined acid, really present. 
The question is one of considerable physiological importance, 
and if it is true that the pancreatic juice acting in an acid 
solution will do more work than in a neutral solution, it 
should be clearly established. We have, therefore, first turned 
our attention to this point. 

Experiment 44. With neutral extracts of oz pancreas and pig's pancreas 
(neutral to litmus). 

10 C.C. of the extract of pig's pancreas required 4.95 c.c. 0.2 per cent HCl 
to combine with all the proteid matter present* 

10 C.C. of the extract of ox pancreas required 2.55 c.c 0.2 per cent HCl 
to combine with the proteids. 

In the digestions with pig's pancreatic fluid each mixture contained 
10 c.c. of the extract, while with the pancreatic fluid from the ox pancreas 
30 c.c. of extract were used in each case. Acid was then added to the 
mixtures as specifled, the percentages being calculated on the total 
volume (50 c.c.) of the digestive mixtures. In no case was any free acid 
present 

Ox P^^creatlc Juice. ^^^S^ D^l. ^^ 

Nentral 0.3279 gram 67.21 per cent 100.0 

Proteids combined with HCl — 

Quarter saturated (0.007% HCl) 0.3782 62.18 92.5 

Half " (0.016% HCl) 0.4095 50.05 74.4 

Wholly " (0.030% HCl) 0.8710 12.90 19.1 

Pig*s Pancreatic Juice. 

Neutral 0.0485 05.65 100.0 

Proteids combined with HCl — 

One-sixth saturated (00016% HCl) 0.0460 95.81 99.6 

Quarter " (00025% HCl) 0.0550 94.50 98.7 

Half " (0.0049% HCl) 0.0826 91.74 95.9 

Wholly " (0.0099% HCl) 0.2239 77.61 81.1 

Szperiment 45. 10 c.c. of the extract of ox pancreas required 4.3 c.c. 0.2 
per cent HCl to combine with the proteids. 

10 C.C. of the extract of pig's pancreas required 4.6 c.c. 0.2 per cent HCl 
to combine with the proteids. 

In the digestions, 10 c.c. of the extract of pig's pancreas and 80 c.c. of 
the extract of ox pancreas were employed. 

* Tropseolin oo in methyl alcohol was used as the indicator for free acid. 
Obviously, in conducting the titrations, deduction was made for the excess of 
acid required to bring out the color. 
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Ffbfin 



BaUUive 



Neutral 0.3896 gram 61.04 per cent 100.0 

Proteids combined with acid — 

One^ighth saturated (0.006 %HC1) 0.8961 60.49 09.0 

One-sixth " (0.008% HCi) 0.4798 62.02 86.2 

One-fourth " (0.012% HCI) 0.6080 49.70 81.4 

One-half ** (0.026% HCI) 0.6609 84.91 67.1 

WhoUy " (0.060% HCI) 0.9327 6.73 11.0 

Plg*s Puicrwtio Jnka. 

Neutral 0.1966 gram 80.34 per cent 100.0 

Proteids combined with acid — 

One-sixth saturated (0.003% HCI) 

One-fourth « (0.004% HCI) 

One-half « (0.009% HCI) 

WhoUy " (0.018% HCI) 0.6664 44.36 66.2 



Experiment 46. With extract of ox pancreas. 26 c.c. of the neutral extract 
.required 19.7 cc. 0.4 per cent Bolicylic add to combine with the proteids 
present 



0.2110 


78.90 


98.2 


0.2064 


78.46 


91.4 


0.3281 


67.19 


83.6 



Fibrin 



RelatlTtt 



OtaMTMterol the Hold. ^SffiT J^HSa. ^^^ 

Neutral 0.4668 gram 63.42 per cent 100.0 

0.4894 61.06 96.6 

Proteids combined with acid — 

Completely saturated (0.167% acid) 09860 1.40 2.6 

(0.167% acid) 0.9874 1.26 2.8 

Half " (0.078% acid) 0.8443 16.67 29.1 

(0.078% acid) 0.8876 16.26 30.4 



In considering the results of the three preceding experi- 
ments it is to be remembered that in no one of the digestive 
mixtures was there 9Jiy free acid present, hence such effects 
as are produced come solely from the influence of the com- 
bined acid. Of the latter, even a few thousandths of one per 
cent suffice to exert an inhibitory influence on proteolysis, and 
with a sufficient amount of combined acid alone, even with a 
weak organic acid, proteolysis may be ahnost completely 
checked. We fail to see, therefore, how the addition of acid to 
a neutral pancreatic juice can increase the digestive power of 
the solution. 
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What, now, is the influence of bile and bile salts on pan- 
creatic proteolysis in the presence of combined acid? The 
answer to this question is found in the results of the follow- 
ing experiments : — 

Xzptrimeiit 47. With extract of ox pancreas. Ox-bile salts. 

Ch«ict«roltbeFtaid. ^^gSj^ ^^ ^^ 

Neutral 0.6291 47.00 100.0 

" +2%Bile8alto 0.6183 48.17 102.8 

« +4% « 0.4818 61.82 110.0 

Froteids combined with acid^ 

Eighth saturated with acid (0.006% HCl) a6800 41.40 87.9 

a a '^ + 2% Bile salts 0.6689 44.11 98.6 

Quarter " " (0.01% HCl) 0.6830 36.70 77.8 

«< « » +2%BUesalto 0.6369 36.41 77.3 

«* « « 4.4% «« 0.6230 37.70 80.0 

Sxperimeat 48. With extract of pig's pancreas. Bile salts from pig's bile. 

giuk, p0r ottiit. 

Neutral 0.1766 82.46 100.0 

Froteids combined with HCl — 

Half saturated with acid (0.013% HCl) 0.2387 76.63 92.9 

+ 0.6% Bile salto 0.4433 66.67 67.6 

" " + 1.0% " 0.4039 69.61 72.2 

•* " " + 2.0% " 0.4968 60.42 61.1 

" " " + 3.0% " 0.4992 60.08 60.7 

Sxperiment 49. With extract of pig's pancreas. Bile salts from pig's bile. 
The salts somewhat acid in reaction. Salicylic acid used to eombine with 
the proteids. 

ob«ot«.(ti«n«M. ^fSlSS^ iCSd. ^S* 

gnu. por oMit. 

Neutral 0.3041 69.69 100.0 

^^ +3% Bile salts 0.6338 46.62 66.9 

Froteids combined with acid — 

Wholly saturated with acid (0.064% acid) 0.6796 42.06 60.4 

-I- 3% Bile salts 0.7608 23.92 34.3 

Half " " (0.032% acid) 0.4296 57.04 81.9 

+ 3% Bile salts 0.6773 32.27 46.3 

Quarter " " (0.016% acid) 0.3608 63.92 91.8 

" ^ *' + 3% Bile salts 0.6691 44.09 63.3 
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Experiment 60. With extract of pig's pancreas. Bile salts from pig's bile 
made perfectly neutral. Salicylic acid used to combine with the proteids. 



Cbaraeter of thA Fluid. 

Neutral 

Proteids combined with acid -^ 
Half saturated with acid (0.063% acid) 

" ** " + 0.6% BUe salto 

« « a +1.0% 

u a M +2.0% " 

" " " +3.0% " 

Experiment 61. With extract of ox pancreas, 
acid used to combine with the proteids. 



0.2132 

0.0038 
0.7660 
0.8120 
0.8319 
0.8000 



Fibrin 
DigMtod. 

peroMkt. 
7a68 



23.41 
18.80 
16.81 
11.00 



Relative 

Proteolytio 

Actioo. 



100.0 



60.8 
29.7 
22.6 
21.8 
13.9 



Fresh pig's bile. Salicylic 



Chftncter of tlie Fluid. 

Neutral 

Proteids combined with acid — 
Half saturated with acid (0.038% acid) 
« " « + 0.5% Bile 

« " " + 1.0% « 

" " + 6.0% " 

« ^ 10.0% " 
« u ^ 20.0% " 



UodlffMted Fibrin 

Baddue. Digested. 

grm. percent. 

0.4126 6a76 



0.7111 
0.7242 
0.7283 
0.7662 
0.7864 
0.7819 



27.68 
27.17 
23.38 
21.46 
21.81 



RelatlTe 

Proteolytio 

ActbNi. 

100.0 

49.1 
46.9 
46.2 
39.7 
36.6 
37.1 



Experiment 68. Neutral extract of ox pancreas. Fresh ox bile. 

In this experiment the proteids of the pancreatic extract were not 
treated with acid, but sufficient acid was added to the fibrin to saturate it, 
or half saturate it (as tested by tropseolin oo), prior to addition of the 
pancreatic extract. 



Conditions. 



Neutral fibrin 0.8643 

Fibrin saturated with acid (6 c.c. 0.2% HCl) 0.6766 

+ 10% Bile 0.6490 

" half saturated with acid (2.6 C.C. 0.2% HCl) 0.4690 

+ 6% BUe 0.4980 



Fibrin 
Digested. 

percent. 
63.67 
42.46 
46.10 
68.10 
60.20 



BelstiTe 
Proteolytic 



100.0 
68.8 
70.9 
88.6 
78.9 



In only one of these experiments (Experiment 47) do we 
see any distinct suggestion of aid to pancreatic proteolysis 
when bile or bile salts are added to a pancreatic extiact con- 
taining combined acid. Combined acid alone tends to retard 
proteolysis, and the addition of bile to such mixtures as a rule 
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increases still further the extent of retardation. Our results 
afford no confirmation whatever of the view that bile greatly 
aids pancreatic juice in its proteolytic action on acid fibrin. 
Neither are we inclined to believe "that pancreatic juice, 
plus bile, plus hydrochloric acid, can accomplish more work 
in proteolysis than can any other known pancreatic mixture." * 
If such were the case we fail to see why some evidence of 
such favorable action should not appear in our results. The 
inhibitory action of acids alone, and of acids and bile combined, 
on pancreatic proteolysis is not, in our judgment, to be looked 
upon as unfavorable to the normal digestive processes of the 
small intestine. What right have we to assume that the 
conditions existent in the normal duodenum are such as to 
require pancreatic proteolysis to take place in the presence of 
acid, either free or combined? The combined or free acid 
which passes from the stomach through the pylorus is with- 
out doubt quickly removed by absorption or destroyed by 
neutralization. The evidence is certainly in favor of the view 
that the contents of the duodenum are generally alkaline. 
This question has been admirably discussed in a recent paper 
by Moore and Rockwood,t in which also a large number of 
experimental data are offered, showing that in many animals 
at least, under different forms of diet, the contents of the 
intestine from pylorus to csBCum react alkaline. In some 
cases, to be sure, the contents closely adjacent to the pylorus 
were found to be acid, but when this was the case the acidity 
was usually limited to a few inches. Hence we are inclined 
to believe that pancreatic proteolysis as it occurs in the normal 
intestine takes place, to a great extent, in the presence of a 
neutral or alkaline reaction, and that under such conditions 
the proportion of bile ordinarily present is not inimical to the 
process. 

* Rachford and Soathgate, loc. dt 

t Moore and Bockwood, Journal of Physiology, 1807, xxi, p. 878. 
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ON THE EXCRETION OP KYNURENIC ACID * 

Bt LAFAYETTE B. MENDEL and HOLMES G. JACKSON. 

Although it is nearly half a centuiy since Liebig discovered 
kynurenic acid in the urine of the dog, and this compound 
has long been assigned the constitution of an oxyquinoline- 
carboxyUc acid,t there is much investigation yet demanded 
regardmg its antecedents and origin in the metabolic processes 
of the body. The occurrence of kynurenic acid in the animal 
organism is interesting, because with the exception of a- 
methylquinoline recently isolated by Aldrich and Jones X &om 
the anal secretion of Mephitis mephitica (common American 
skunk), it is, so far as we recall, the only quinoline compound 
discovered in connection with the animal body. Furthermore, 
the study of kynurenic acid production is important, because 
of the light which it promises to throw upon the transforma- 
tions going on in the system, upon the constitution of the 
proteids from which the compound is derived, and possibly 
upon the physiological behavior of compounds like many of 
the alkaloids related to quinoline derivatives. 

The early investigations on kynurenic acid can scarcely 
demand detailed consideration at present, since in the absence 
of satisfactory analytical methods the separation of uric acid 
(and possibly other substances) from the acid investigated was 

* Reprinted from the American Journal of Physiology, vol. ii. A pre- 
liminary account of some of the experiments described in this paper was 
presented at a meeting of the American Physiological Society, December 2S, 
1897. 

t Schmiedeberg and Schultcen, Ann. Chem. Pharm., 1872, clxir, p. 155. 
Eretochy, Berichte d. deutsch. chem. GeseU., 1879, xii, p. 1678; MonaUhefte 
fiir Chemie, 1881, ii, p. 67. 

t Aldrich and Jones, Journal of Experimental Medicine, 1897| ii, p. 439. 
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not accomplished.* It cannot be assumed that kynurenic 
acid completely repletces uric acid in the urine of the dog, 
inasmuch as the experunents of Solominf have shown that 
both acids may occur together under appropriate conditions, 
and our own experience leads to a similar conclusion. Solo- 
min found that although the uric acid nitrogen (determined 
by the Ludwig-Salkowski method) forms only a very small 
fraction of the total nitrogen excreted, the quantity of uric 
acid estimated per kilo of body weight may be as large as 0.01 
gram, which corresponds with the average uric acid output 
per kilo in man. In the case of dogs in nitrogenous equili- 
brium, numerous experiments in this laboratory have given a 
considerably smaller excretion (0.008-0.004 gram per kilo). J 
The higher figures obtained by Solomin are perhaps attribu- 
table to the rather large quantities of proteid fed.§ 

Regarding the immediate origin of kynurenic acid, little of 
a positive character is to be found in physiological literature. 
Its close relation to the diet, and its ready production after the 
ingestion of meat, have frequently been pointed out. Thus 
Schmidt || believed to have found kynurenic acid excretion to 
be greatest after feeding meat, and least with a bread diet, a 
milk diet yielding intermediate results. His figures for the 
various dietaries, are, however, by no means comparable, since 
the quantities of the typical food-stuffs ingested in the three 
periods were not at all equivalentlT The experiments of 



• Cf . for example, Voit and Riederer, Zeitschrif t f Ur Biologie, 1866, i, p. 815. 

t Solomin, Zeitechr. f. physiol. Chemie, 1897, xiii. p. 497. 

X Cf . Chittenden, Journal of Physiology, 1891, xii, p. 220. Chittenden and 
Gies, Amer. Joum. Physiol., 1898, 1, p. 1. 

f The daily diet of the 9-kllo dog consisted of meat, 400 grams; milk, 
250 C.C. ; and NaCl, 10 grams (loc. cit., p. 498). Regarding the increase in uric 
acid excretion following the ingestion of proteid, cf. Schultze, Arch, f . d. ges. 
Physiol., 1889, xIy, p. 401 ; Herter and Smith, New York Medical Journal, 
June 4, 1892; Hopkins, Schaefer's Physiology, 1898, i, p. 594. 

II Schmidt, Ueber das Verhalten einiger Chinolinderiyate im Thierkorper 
mit Riicksicht auf die Bildung von Kynurensfture. Inaugural-Dissertation. 
Konigsberg, 1884. ( Jaff^s laboratory.) 

t The dog was fed (a) meat, 1 kilo, (6) milk, 2 liters, (c) bread, 1 pound, 
retpectiTely, per day. 
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Schmidt and Rosenhain,* planned to observe the possible pro- 
duction of kynurenic acid from various quinoline derivatives f 
introduced directly into the organism, gave only negative re- 
sults. The observations of Rosenhain and of Haagen4 in 
which a decrease of from 30 to 60 per cent of kynurenic acid 
was obtained after administration of intestinal antiseptics 
(e. ff.j salol, thymol, naphthalin), suggested a connection be- 
tween intestinal putrefaction and kynurenic acid excretion. 
There is, however, no satisfactory evidence in these experi- 
ments that kynurenic acid has its origin in the decomposition 
going on in the intestine, since no data are given regarding 
the direct action of the drugs administered upon the food util- 
ization and body metabolism. Thus it seems quite possible, 
in view of our experiments, that the diminished kynurenic acid 
excretion observed after naphthalin administration, for example, 
is to be attributed to poorer absorption of the proteid fed. It 
may also be recalled in this connection how many drugs, e. jr., 
antipyrin, antif ebrin, salicylates, alcohol, exert a direct influ- 
ence upon the production of uric acid ; and accordingly similar 
specific effects may have been at work in Haagen's experi- 
ments. Again Baumann § observed an undiminished excre- 
tion of kynurenic acid in a dog in which several days' starving 
and repeated doses of calomel had freed the intestine from 
putrefactive processes as shown by the absence of ethereal 
sulphates in the urine ; while Haagen failed to find any de- 
crease in kynurenic acid excretion after administering large 
doses of iodoform, which exerts a pronounced action upon the 
putrefactive processes in the intestine. || In this connection 
we may point out that NuttaU and ThierfelderT have lately 

* Rosenhain, Beitr&ge sor KenntnisB der Kjnurens&urebildong im Thier- 
korper. Inaugural-Dissertation, Konigsberg, 1886. (Ja£f^s laboratory.) Cf. 
also R. Cohn, Zeitochr. f . physioL Chemie, 1806, xx, p. 210. 

t E. g., carbostyril, quinaldin, oxymethyl-quinoline, kynurin, antipyrin. 

t Haagen, Ueber den Einfluss der Darmf&ulniss auf die Entstehung der 
Kynurensiiure beim Hunde. Inaugural-Dissertation, Konigsberg, 1887. (Jaff^s 
laboratory.) 

S Baumann, Zeitschr. f. physiol. Chemie, 1886, z, p. 18L 

H Cf. Morax, Zeitschr. f. physiol. Chemie, 1886, x, p. 821. 

T NuttaU and Thierfelder, Zeitschr. f. physioL Chemie^ 1895» xxi, p. 100; 
1896, xxii, p. 62. 
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demonstrated the possible origin of aromatic oxyacids in tissue 
metabolism, since they have found them in the urine of ani- 
mals which were entirely free from all bacteria. It seems 
desirable to emphasize the preceding facts because the experi- 
ments of Haagen have repeatedly been misinterpreted and 
quoted in evidence of the intestinal origin of kynurenic acid,* 
although Haagen has carefully avoided such an interpretation 
of his observations.! Finally, the experiments of Capaldi X 
have given additional evidence against the assumed intestinal 
origin of kynurenic acid. 

In considering the immediate antecedents of kynurenic acid, 
tyrosin is at once suggested. The behavior of this aromatic 
compound with reference to its possible synthesis to oxyquin- 
oline-carboxylic acid in the body has been investigated by 
Hauser§ and Solomin,|| both of whom failed to obtain evi- 
dence of any direct relationship between the two substances. 

Plan of present investigation. — The present investigation is 
an attempt to ascertain something more definite regarding the 
conditions which determine and modify kynurenic acid pro- 
duction and excretion. Unless otherwise stated, the data have 
been obtained with dogs. The animals were kept in suitable 
roomy cages which permit the separate collection of urine and 
f»ces, and stand in a light, well-ventilated space. It was not 
found necessary to resort to catheterization, since the periods 
of observation always extended over moi*e than one day and 
the animals soon became accustomed to discharge their urine 

* Cf. for example, Hauser, Arch. f. ezper. Pathol, u. Pharmakol., 1806, 
zxxri, p. 8; also, Neumeister, Lehrbuch der physiol. Chemie, 2te Auflage, 
1807, p. 721. ** Eine altere, von Baumann stammende Angabe, dass die Quan- 
titat der Kjnurensiiure yon den Fftulnissprocessen im Darm unabhangig sei, 
scheint durch die neueren Untersnchungen widerlegt zu sein." 

t Cf . Haagen, loc. cit., p. 26, " . . . so ist es zweif elhaf t, ob die nach anderen 
Antisepticis, besonders nach Naphthalin, gefundene Verminderung der Kjnu- 
rensaure aaf Beschrankung der Darmfaalniss, oder ob sie nicht yielmehr auf 
anderen Umst&nden beruht" 

X Capaldi, Zeitochr. f . physiol. Chemie, 1807, xxiii, p. 87. 

§ Hauser, Arch. f. exper. PathoL u. Pharmakol., 1806, xxxyi, p. 1. 

|] Solomin, Zeitochr. f . phjsiol. Chemie, 1807, xxiii, p. 407. 
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with considerable regularity. The nitrogen was determined 
in the urine and diet by the Kjeldahl method ; sugar, when 
present, was estimated by titration with Fehling's or Purdy's 
solution,* and kjrnurenic acid was found by the method of 
Capaldi,t wliich has proved very satisfactory. The product 
thus obtained always responded to Jaffa's test J and was crys- 
talline : in a few urines a very small quantity of an amorphous 
substance was precipitated, which failed to give the character- 
istic reaction. As an immediate test for kynurenic acid — in 
the urine — the bromine water reaction, first recommended by 
Baumann,§ was frequently found useful. Bromine, as is well 
known, usually gives an insoluble yellow precipitate when 
added to dog's urine, the composition of the precipitate de- 
pending upon the presence of phenol bodies, indol, or kynur- 
enic acid. With a little experience it becomes easy to make 
use of the reaction in judging the relative amounts of kynur- 
enic acid, since the latter ordinarily composes (as tetrabrom- 
kynurin ||) by far the greater part of the precipitate formed. 

Ezpariments on dogs. — For these experiments commercial 
cracker-dust containing as an average 1.46 per cent nitrogen 
was obtained in large quantity and kept in glass-stoppered 
bottles. This constituted the carbohydrate food fed. The 
fait used was a good quality of lard practically free from 
nitrogen. The other food-stuffs used will be referred to in 
the protocols. 

The following experiments demonstrate the formation of 
kynurenic acid after the ingestion of various proteids of both 
vegetable and animal origin. The "dog biscuit" used was 

* Cf. J. Bishop Tingle, American Chemical Journal, 1898, zx, p. 120. 

t Capaldi, Zeitschr. f. physiol. Chemie, 1807, xxiii, p. 92. Solomin (ihid., 
p. 498 note) recoyered hy this method 99 per cent of 0^10 gram kynurenic 
acid added to urine. The following figures show ayerage duplicates obtained 
by us from a dog's urine containing small quantities: (a) 0.0862 gram, 
(6) 0.0872 gram. 

X JaS4, Zeitochr. f. physiol. Chemie, 1883, yii, p. 399. 

S Baumann, Zeitschr. f. physiol. Chcmie, 1877, i, p. 62. 

II Brieger, Zeitschr. f . physioL Chemie, 1881, iy, p. 89. 
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a commercial preparation containing dried meat, carbohydrates 
(sugar-beet), etc.; the albumin was commercial albumen e 
sanguine ; the vegetable proteid was crystallized edestin (phy- 
tovitellin) prepared from hemp seed after the manner already 
described by one of us ; * the Witte's " pepton " was the 
widely used product made up ahnost entirely of proteoses 
(from fibrin). The latter preparation contained 14 per cent 
N. A mixture of inorganic salts as recommended by J. 
Munk f was daily added to the diet in experiment C. 

Various investigators have demonstrated that the proteoses 
and peptones may show caloric and nutritive values equiva- 
lent to those of the proteids from which liiey originate4 
Several of our experiments (B, C, D) show a characteristic 
excretion of kynurenic acid after repeated feeding of proteoses 
(Witte's "pepton"). No disturbances of the gastro-intesti- 
nal tract (as with " Somatose," p. 285) were observed with this 
product 

* Chittenden and Mendel» Journal of Physiology, 1894, xyU, p. 49. 
t J. Mnnk, Virchow'i Arch, f . d. ezper. Pathologie, czxzii, p. 102. 
X Cf. Mnnk and Ewald, Die Emfthrung, 1896, p. 34. 
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The results obtained in the preceding experiment are sum- 
marized in the following table, which gives the daily averages 
for various feeding periods. 

DOG E.— SUMMARY. 
(Giving daily ayerages for yaiiouB feeding periods.) 



Date. 


UliM. 


Food. 


V 1898. 


Sntragon. 


KymmnioAdd. 


Nitrogeii. 


PraMd. 


May21-28 

24-26 

27, 28 

2&-dl 

June 1,2 

8-6 

6,7 


gnn. 
2.79 
6.63 
2.66 
7.04 
8.86 
7.17 
2.61 


gnn. 

0.027 
0.176 
0.044 
0.067 
0.063 
None. 
None. 


grm. 
1.76 
9.86 
1.76 

10.20 
1.76 

11.04 
1.76 


gim. 
Albumin, 16. 

80. 

16. 

40; geUtin,40. 

16. 
Gelatin, 80. 
Albumin, 16. 



In view of the peculiar chemical and physiological behavior 
of gelatin in contrast to the ordinary proteids, some experi- 
ments were imdertaken with this albuminoid (Dogs F, 6, H). 
Commercial gelatin, containing 18.8 per cent N, was fed^ it 
being eagerly eaten when mixed with water and the other 
food stuffs as indicated. Occasionally 1 to 2 grams of Lie- 
big's extract of beef were added to improve the flavor, while 
a mixture of inorganic salts as recommended by J. Munk * 
was daily given with the food. The following dog, F, which 
had some time previously been used in a phlorhizin experiment, 
had been fed very large quantities of casein on the days im- 
mediately preceding the experiment. 

At the conclusion of the experiment on the dog H, the 
animal was starved for eighteen days. Body-weight fell from 
7.6 kilos to 6.0 kilos. During this period 1220 c. c. of urine, 
containing 107 mgr. kynurenic acid, were eliminated. 

* J. Munk, Virchow's Arch, f . d. exper. Pathologic, cxzzii, p. 102. 
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Discasaion of the preceding analytloal data. — So far as has 
been observed, all aromatic compounds found in the organism 
of the higher animals are derived either from benzene deriva- 
tives introduced into the system, or from the proteids, which 
must accordingly contain aromatic radicals. A synthesis of 
the latter in the animal body from carbohydrates or fats 
scarcely seems probable in view of the accumulated experi- 
mental data bearing on the problem.* The present study of 
kynurenic acid excretion lends additional force to this view 
as applied to quinoline derivatives. Thus k3niurenic acid is 
almost always found in the urine during starvation, a condi- 
tion in which body proteids form the source of the nitrogen- 
ous compounds excreted. This observation, repeatedly made 
(jr. ^., Dogs G, H, J, K), leaves little doubt that kynurenic 
acid is a true product of proteid katabolism, and for the most 
part, at least, is not dependent for its origin on the putre- 
factive processes in the intestine, — a possibility which has 
already been mentioned. 

Quantitatively considered, kynurenic acid production bears 
a more or less direct relation to the variations in the decom- 
position of proteid material, whether the latter be the " tissue 
proteid " of a starving animal, or introduced as food and the 
kynurenic acid formed incidental to its metamorphosis. More- 
over, our experiments furnish repeated evidence that kynu- 
renic acid is a concomitant or direct product of accelerated 
proteid metabolism. There is no lack of evidence that the 
proteid molecule may break down in the body into a nitro- 
genous and non-nitrogenous portion. The former part is 
doubtless rapidly further broken down, oxidized and sjrnthe- 
sized perhaps into various nitrogenous constituents of the 
urine. The non-nitrogenous moiety is less speedily elimi- 
nated. It may be converted into glycogen, or dextrose, or 
fat ; and forming, as it does, the major part of the original 
molecule, it may be distributed to the tissues more slowly in 
proportion as they demand it-f The experiments of Feder % 

• Cf. Bsumann, Zeitschr. f. phytiol. Chemie, 1886, x, p. 123. 

t Cf. Reilly, Nolan and Lusk, Amer. Jour. Physiol., 1898, i, p. 404. 

X Feder, Zeitechrift fur Biologie, 1881, zvii, p. 641. 



Digitized by VjOOQIC 



KYNURENIC ACID. 245 

and of Reilly, Nolan and Lusk* indicate that most of the 
nitrogen of ingested meat is, on the other hand, eliminated 
within a few hours. It may be imagined, then, that kynu- 
renic acid is one of the nitrogenous products derived from 
this rapidly eliminated nitrogenous radical of the original 
proteid ; and it scarcely seems unreasonable to assume that 
this acid represents the metabolic end-product of quinoline- 
yielding radicals in the molecule-f In this connection it will 
be remembered that R. Cohn % was able to obtain a pyridine 
derivative as a decomposition product of casein, thus demon- 
strating the possible presence of the pyridine ring in the con- 
stitution of the proteid molecule. 

Granting conditions like those referred to, several probabili- 
ties are indicated. For example, it should follow that the 
extent of proteid katabolism going on should influence very 
largely the production of kynurenic acid. Our experiments 
with non-nitrogenous diet (fat and carbohydrate) are quite 
in harmony with this. Excessive proteid decomposition is 
avoided under such conditions, and kynurenic acid rapidly 
disappears from the urine. (Cf. Dog A, B.) Equally sug- 
gestive are the results obtained with a mixed diet containing 
only small amounts of proteid. The proteid-sparing effect of 
the other food-stuffs is here well brought out. In one animal 
(Dog A) an absence of kynurenic acid excretion during the 
first seven days of starvation was noted. The observation 
was an exceptional one, but perhaps not without significance, 
since the animal had an unusually well-nourished appearance, 
and the " fat " condition was remarkably persistent, even during 
the later days of starvation. We are inclined to attribute the 
results to the rather exceptional condition of the animal, since 
it is well known that the extent of nitrogenous katabolism 
in inanition is modified in a pronounced way by the relative 
as well as absolute amount of body fat in the individual.§ 

• Keilly, Nolan and Lnsk, loc. cit., p. 404 fig. 
t Cf . also Kretschy, Monatshefte fiir Chemie, 1881, ii, p. 85. 
X R. Cohn, Zeitachr. f. phyBiol. Chemie, 1896, xxii, p. 171. 
S Cf . Munk and Ewald, Die Ernahrung, 1895^ pp. 22-23. 
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Kynurenic acid excretion has also been investigated in 
three dogs which were kept in nitrogenous equilibrium on a 
fixed diet of meat, fat, and carbohydrates. The animals were 
used in a research carried out in this laboratory on the in- 
fluence of borax and boric acid on nutrition. Through the 
kindness of Dr. Gies we have obtained equivalent portions of 
each day's urine and have examined them for kynurenic acid, 
the fractions of each period being united and analyzed col- 
lectively. Further data are taken from the tables already 
published.* 

FIRST EXPERIMENT. 



Period. 


Nitrogen 


UrloAdd. 


Kynnrenie 
Acid. 


9daji. 

Fore 

Borax (6 grams) .... 
After 


gnn. 
-0.981 
-1.928 
-0.117 


gnn. 

0.428 
0.411 
0.889 


gmu 

None. 
0.101 
None. 


SECOND EXPERIMENT. 


lOdjijs. 

Fore 

Boric acid (1-2 grams) . . 
After 


+0.118 
-1.606 
-0.980 


0.604 
0.886 
0.608 


None. 
Trace. 
None. 


THIRD EXPERIMENT. 


Sdays. 

Normal 

Borax (2-6 grams) . . . 

After 

Boric acid (1-3 grams) . . 

After . • 

Borax (8 grama) .... 
After 


+0.429 
-0.801 
+0.661 
+2.174 
+2.122 
-4.878 
-0.661 


0.816 
0.298 
0.248 
0.810 
0.864 
0.896 
0.828 


None. 
None. 
None. 
None. 
None. 
0.414 
None. 



It will be observed from the tables that the only periods 
during which kynurenic acid appeared in the urine were those 
in which administration of borax or boric acid gave rise to a 
direct stimulation of proteid metabolism. This is particularly 
brought out in the third experiment, during which a daily 

* Chittenden and Gies, Amer. Joum. Phjsjol., 1898, i, p. 1. 
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dose of eight grams of borax produced a nitrogen deficit of 
over four grams. Uric acid, however, was continually present 
in the urine of the dogs employed ; and the results obtained 
are in harmony with the opinion that kynurenic acid excretion 
is a phenomenon accompanying pronounced stimulation of 
proteid katabolism rather than ordinary conditions of body 
equilibrium. 

The gelatin ezpeximents. — Eckhard * stated that after feeding 
gelatin to a dog he failed to find kynurenic acid in the urine. 
Rosenhain f likewise obtained no kynurenic acid after feeding 
two and a half pounds of gelatin and six pounds of bread to 
a large dog in the course of a week. After a meal of one 
kilo of meat, however, the same animal excreted as much as 
0.996 gram of kynurenic acid during the succeeding twenty-four 
hours. No data are presented to show that the gelatin was 
absorbed satisfactorily. 

The results obtained with gelatin feeding in the present 
investigation afford an interesting confirmation of previous 
observations. The experiments of J. MunkJ have shown 
that in dogs over two-thirds of the required proteid of the diet 
may be replaced by gelatin with maintenance of nitrogenous 
equilibrium. Gelatin is, as a rule, readily digested and burned 
in the body, and has a pronounced proteid-sparing action like 
a typical non-proteid food. Lusk and his co-workers have 
recently shown that gelatin — like the proteids proper — 
may yield 60 per cent of sugar in the metabolic changes it 
undergoes in the body, as was evidenced by the amount of 
sugar excreted when the albuminoid was fed to a fasting 
animal in phlorhizin diabetes. Gelatin differs chemically from 
the ordinary proteids, in that tyrosin has not been found 
among its decomposition products.§ The absence of tyrosin 

« Eckhard, Ann. Chem. Pharm., 1856, zcyii, p. 85a 

t Rosenhain, Beitrage znr Kenntniss der Kynurensaurebildung im Thier- 
korper. Inaugural-Dissertation. Konigsberg, 1886, p. 8. 

X J. Munk, Arch. f. d. ges. Physiol., 1894, Iviii, p. 309. 

§ Halliburton, Schaefer's Physiology, 1,898, i, p. 71. It may be added that 
E. B. Lehmann failed to accomplish proteid synthesis in rats by feeding them 
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is suggestive of a deficiency in aromatic groups in the mole- 
cule, and it is not unlikely that this fact may account for the 
absence of the related compound kynurenic acid (oxyquinoline- 
carboxyUc acid) when gelatin exclusively is fed. (Cf. Dogs 
E, F.) Out of 906 grams gelatin fed to small dogs in four- 
teen days we have obtained only 0.016 gram kynurenic acid, 
and that on a single day. Moreover, the nitrogen determina- 
tions in the urine (cf. Dogs E, F, G, H) give evidence of a 
ready absorption of the gelatin ingested ; while the experiments, 
including simultaneous feeding of tjrpical proteids like casein 
and albumin with the gelatin, show that the latter exercises no 

DOG J. — SUMMARY. 



Period. 


Urine. 1 


Nitrogen. 




Fastingr, 3 days . . . 
Phlorhizin, 3 days . . 
Casein, eto., 8 days . . 


gnn. 

7.50 

20.63 

12.13 


gm. 
0.200 
0.440 
0.243 



specific action in preventing kynurenic acid excretion when 
sufficient proteid is given along with it. Indeed, the behavior 
of gelatin precisely resembles that of the carbohydrates and 
fats. These experiments considered in connection with Lusk's 
observations indicate that the essential physiological peculiari- 
ties of gelatin are to be sought in the chemical structure of 
the nitrogerumB portion of the molecule ; and the failure of the 
albuminoid to give rise to kynurenic acid in the dog is doubt- 
less associated with the lack of certain aromatic radicals in its 
make-up. Lastiy, attention is directed to the ready assimilation 
of crystallized vegetable proteid (Dog C), and to the evidence 

with gelatin and tyrosin (Sitzungsber. d. morphol.-physiol. Gesellsch. in Miin- 
Chen, 10 Marz, 1886). Contrary to the current statements, cf. Neumeister, 
Lehrbuch der physiol. Chemie, 1807, p. 63, pure gelatin gives a reaction with 
Millon's reagent which may perhaps be due to a far smaller proportion of 
aromatic radicals than is present in ordinary proteids. See Van Name, Jour- 
nal of Experimental Medicine, 1897, ii, p. 128. 
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offered of the close physiological relationship between the 
animal and vegetable products, despite minor differences in 
chemical structure.* 

Phlorhlzin experiments.— In confirmation of the view that 
kynurenic acid excretion is incidental to excessive proteid 
katabolism, additional experiments on animals suffering from 
phlorhizin diabetes are presented. It has been shown that 
under these conditions sugar production goes on in the fasting 
animal directly at the expense of tissue proteid, the amount of 
nitrogen in the urine going parallel with the amount of sugar 
excreted ; f and the sugar excretion may thus go on even in 
the absence of glycogen in the liver4 Lusk§ and his co- 
workers have shown that in the fasting dog a constant ratio 
of dextrose to nitrogen excreted is maintained during phlo- 
rhizin diabetes (D: N: : 3.75: 1), and that feeding meat or 
gelatin does not change the ratio. The figures indicate a pro- 
duction of about 60 grams of dextrose from 100 grams of pro- 
teid, and it has furthermore been found that in this form of 
diabetes the proteid metabolism may increase to an extent as 
high as 560 per cent above that in simple inanition. Tables 
J and K show the extent of kynurenic acid production observed 
on two fasting dogs during phlorhizin diabetes. The phlo- 
rhizin, dissolved in dilute sodium carbonate solution, was intro- 
duced subcutaneously about every eight hours. Water was 
given ad libitum. 

Here again the production of kjmurenic acid during fasting 
is observed. Coincident with the appearance of the sugar in 
the urine occurs a rise in nitrogen excretion accompanied like- 
wise by an increase in kynurenic acid. The figures become 
more striking when the daily averages of the period preceding 
and succeeding the phlorhizin dfiys are presented in contrast. 

« Cf. Rntgerfl, Zeitschrift far Biologie, 1888, xxiy, p. 351. 

t Cf. for example, Cremer u. Ritter, Zeitschrift fiir Biologie, 1803, xadx, 
P.256L 

X Thiel, Arch. f. exper. Pathol, and Pharmakol, 1887, zziu, p. 142. Cf . also 
H^don, Comptes rendas de la Soc. de Biologie, Paris, 1897, (10), ir, p. 00. 

S Reillj, Nolan, and Lusk, Amer. Jonm. Physiol., 1808, i, p. 306. 
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The increased output of kynurenic acid attending the large 
increase in proteid katabolism (over that in inanition) thus 
justifies the emphasis placed upon the close relationship 
between these factors. Owing to less careful conditions of 
experiment (lack of catheterization, etc.) the ratio of dextrose 
to nitrogen is somewhat lower than that found by Lusk, In 
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FIGURE 1. 
Doo K. The abscissae represent the successive days of the experiment ; the 
ordinates of the unbroken line represent grams of N excreted, those of the 
broken line represent milligrams of kynurenic acid. 

the experiment on Dog K the ratio is higher. In this animal 
sugar persisted in the urine for several days after the phlo- 
rhizin injection. The ratio of dextrose to nitrogen during the 
phlorhizin days was as 3.68 : 1. The other phenomena 
observed resemble those of the preceding experiment, namely, 
increased kynurenic acid excretion accompanying stimulated 
proteid decomposition,* as shown in the curves of Fig. 1. 

Amyl nitrite experiment. — The production of diabetes in the 
dog by means of amyl nitrite has been demonstrated by a 
nmnber of investigators, f We have also studied the action of 

* In the case of one dog which excreted no kynurenic acid during six 
days' starvation we were unable to get similar results with phlorhizin. 

t Araki, Zeitschr. f. physiol. Chemie, 1891, xv, p. 553. The older literature 
is referred to here. 
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this drug in the case of a dog. The 10-kilo animal had been 
fed three days on a diet consisting of albumin, 15 grams ; car- 
bohydrate, 50 grams ; fat, 40 grams ; — under which conditions 
nothing more than traces of kynurenic acid were found in the 
urine. On the fourth day the animal received three subcu- 
taneous injections of amyl nitrite (about 6 c.c. being given in 
all). By the following day the dog was dead. The urine 
(128 c.c.) removed from the bladder contained no kynurenic 
acid ; 4.69 grams sugar were present, and the ratio of dextrose 
to nitrogen was found as 7.4 : 1. Traces of albumin were also 
found, in agreement with observations of ArakL* The high 
ratio of dextrose to nitrogen indicates that the sugar found 
could not have its origin wholly in proteid decomposition, nor 
was this to be expected under these conditions (previous feed- 
ing, etc.). But Thielf has shown that amyl nitrite fails to 
produce characteristic glycosuria in hens, although phlorhizin 
is effective in these animals. Amyl nitrite diabetes is there- 
fore doubtless of a distinctly different type from that produced 
by phlorhizin ; at any rate the absence of kynurenic acid in 
the urine in our single experiment corresponds with the slight 
evidence of proteid katabolism obtained. 

BzperimentB on other animals. — So far as we are aware, no 
one has succeeded in finding kynurenic acid in the urine of 
any animal other than the dog. Hofmeister,J after careful 
examination, failed to find it in human urine. It has likewise 
been found missing in the urine of the rabbit, § wolf, || and fox. || 
We have searched for kynurenic acid in the urine of the cat 
during inanition as well as during meat and milk diet, but 
always with negative results. In view of the evidence of our 

* Araki, Zeitochr. f. physiol. Chemie, 1891, xt, p. 653. The older literature 
is referred to here. 

t Thiel, Arch. f. exper. Pathol, n. Pharmakol., 1887, xxiu, p. 142. 

I Hofmeister, Zeitschr. f. phjsiol. Chemie, 1881, y, p. 69. Eckhard, long 
before, had missed it in human urine ; see Ann. Chem. Pharm., 1856, zcvii, 
p. 358. 

§ Schmidt, Ueber das Verhalten einiger Chinolinderivate im Thierkorper, 
mit Rucksicht auf die Bildung von Kynurensaure. Inaugural-Dissertation, 
Konigsberg, 1884. 

li Capaldi, Zeitschr. f . physiol. Chernie, 1897, xxiii, p. 87. 
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experiments regarding the formation of kynurenic acid in the 
dog from body proteids during inanition, several rabbits were 
starved for varying periods (three to five days) and the urine 
then examined. No k3niurenic acid was found. Lastly the 
urine of man has been examined in wasting diseases (severe 
diabetes) without avail. Since Hauser * and Solomin f have 
observed that kynurenic acid introduced into the organism 
of man, rabbit, or dog, is in good part destroyed (especially in 
the case of the first two), it may be, as Solomin suggests, that 
kynurenic acid is absent from human and rabbit's urine not 
because it fails to be produced, but rather because it is de- 
stroyed in these organisms as rapidly as it is formed. 

Theoretioal oonsideratlGns regarding the quantity of kynnrenio 
acid obtainable. — That the absolute amount of kynurenic acid 
produced at any time should be large is scarcely to be ex- 
pected. If, as the experiments of Lusk and his co-workers 
have indicated, the proteid molecule yields on cleavage in the 
body an amount of sugar equal to nearly 60 per cent, there 
remains. "a nitrogen-containing radical in which the carbon 
and nitrogen would appear in the atomic ratio of 2.2 of C to 1 
of N." J Now kynurenic acid, doH^NOg, contains 10 of C to 
1 of N ; obviously the nitrogenous proteid radicals could not 
yield large quantities of a body of the composition indicated. 

Summary. — Kynurenic acid is a direct product of proteid 
katabolism, and, as Baumann's experiments indicated, does 
not owe its immediate origin to putrefactive changes in the 
intestine. 

Kynurenic acid excretion accompanies accelerated proteid 
decomposition, whether this condition be brought about by 
starvation, ingestion of large amoimts of proteid food, or 
through the action of drugs (borax, phlorhizin). 

Similar results follow the ingestion of both animal and 
vegetable proteids, as well as proteoses; gelatin, however, 

* Hauser, Arch, f . exper. Pathol, u. Phsrmakol., 1896, xxxtj, p. L 

t Solomin, Zeitschr. f. phjsiol. Chemie, 1897, xxiii, p. 497. 

X Beilly, Nolan, and Lusk, Amer. Jour. Phjsiol., 1898» i, p. 409. 



Digitized by VjOOQIC 



KYNURENIC ACID. 256 

does not give rise to kynurenic acid in metabolism, acting 
precisely like the carbohydrates in this respect In conditions 
of ordinary nitrogenous equilibrium, or under the influence of 
proteid-sparing foods, kynurenic acid excretion is greatly 
diminished or absent. 

The observations suggest the presence of quinoline-like 
radicals in the proteid molecule; the existence of a large 
carbohydrate group is also confirmed. 

Uric acid and kynurenic acid may occur together in dog's 
urine, as Solomin has found. Kynurenic acid is absent from 
the urine of the cat during fasting and proteid feeding, and is 
not found in the urine of the rabbit during inanition. 
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VARIATIONS IN THE AMYLOLYTIC POWER 

AND CHEMICAL COMPOSITION OF 

HUMAN MIXED SALIVA.* 

By R. H. CHITTENDEN and A. N. RICHARDS. 

Since saliva is the product of secretory glands having their 
periods of comparative rest and activity, it follows quite nat- 
urally that this secretion might be expected to show variations 
in amyloly tic power at different periods of the day : i. e., that 
the secretion obtained after a period of glandular activity 
might possess less starch-digesting power than the secretion 
coming from glands which have been in a state of rest — due 
mainly to variations in the proportion of active enzyme pres- 
ent. Further, the well-known sensitiveness of the amylolytic 
enzjrme to changes of reaction suggests also the possibility of 
fluctuations in amylolytic power dependent primarily upon 
changes in the proportion of alkaline-reacting salts contained 
in the secretion* In spite of the large amount of work of a 
chemico-physiological nature done upon saliva, these questions 
have received very little attention. During the past year, 
however, Hofbauer,t in an interesting commimication has pre- 
sented a series of results, bearing on the daily fluctuations in 
the amylolytic power of saliva, but his observations were 
limited solely to determination of the starch-digesting power 
at different periods of the day without regard to any possible 
relationship between the amylolytic power and the chemical 
composition of the secretion. His results, however, show 

• Reprinted from Amer. Journ. Physiol., toI. i. A summary of some of 
the results contained in this paper was presented at the meeting of the 
American Physiological Society in December, 1897, and published in the 
Proceedings of the Society, Amer. Journ. Physiol., 1898, ii, p. iii. 

t Hofbauer, Archly f . d. ges. Physiol., 1807, Ixv, p. 603. 
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clearly that human mixed saliva does fluctuate in amylolytic 
power throughout the twenty-four hours, and further that the 
starch-digesting power of the saliva secreted before breakfast, 
for example, is greater than that of the secretion collected 
after breakfast. Our results afford distinct confirmation of 
the general truth of this observation. Hofbauer states in his 
paper that the only previous work bearing upon this subject 
is that by Chittenden and Ely.* The latter work, however, 
has no bearing whatever upon the question of possible varia- 
tion in the amylolytic power of the secretion at different 
periods of the day. Indeed, in the paper in question it is 
distinctly stated that " the saliva was collected generally an 
hour or two after breakfast," with the distinct object of avoid- 
ing possible variations in composition due to the period of 
collection. The sole object of that investigation was to 
ascertain whether there is any connection between possible 
variations of alkalinity and the amylolytic power of saliva. 
The results there reported afford no indication whatever of the 
relative amylolytic action of the secretion for different periods 
of the day, since the fluids studied were invariably collected 
at essentially the same hour. It was ascertained, however, 
that the alkalinity of mixed saliva as measured by titration 
with a standard acid, using cochineal as an indicator, was 
fairly constant for a given individual at a given period of the 
day (9-10 a.m.), while saliva from different individuals may 
show a constant difference in alkalinity, although in the ma- 
jority of cases the alkalinity varied only within narrow limits. 
In amylolytic action, however, there were no corresponding 
differences ; fluctuations were observed, but within too narrow 
limits to indicate any tangible relation between the two 
factors. 

It has become the custom to assume that the alkalinity of 
saliva, as indicated by its reaction toward litmus paper, is due 
more or less to the presence of sodium carbonate. Thus, in 
the latest text-book of physiology the statement! is made 

• Chittenden and Ely, Amer. Chem. Journ., ISaS, iv, p. 329. 
t Text-book of Physiology, edited by E. A. Sch&fer, 1898, i, p. 504. 

17 
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that " the alkalinity of saliva depends upon the presence of 
sodium carbonate. In man and in the dog the percentage of 
this salt varies from 0.08 to 0.19 per cent." So far as we are 
aware, however, there is no justification for this statement. 
In the earlier work from this laboratory * it was stated that 
the average alkalinity for fifty-one samples of hiunan mixed 
saliva was 0.08 per cent, " expressed iu the form of sodium 
carbonate." Further, in all the tabulated results contained 
in that paper, the alkalinity, as measured by titration with 
standard acid in the presence of cochineal as an iudicator, 
was carefully expressed as " equivalent iu NaaCO,," this being 
done to avoid any positive statement as to the exact cause of 
the alkalinity. Further, in the oft-quoted work of Werther t 
the alkalinity of the saliva of the dog was determined by 
titration with decinormal sulphuric acid with litmus as an 
indicator: a method which obviously would throw no light 
upon the cause of the alkalinity. Moreover, iq at least some 
of the tables /containing his results the percentage of alka- 
linity is expressed as "alkalinity calculated as NaaCOg." 

Examination of a large niunber of samples of human mixed 
saliva obtained from different individuals at different periods 
of the day convinces us that, under normal conditions at least, 
human saliva never contains the least trace of sodium carbon- 
ate. Toward litmus, lacmoid, etc., human saliva constantly 
reacts alkaline, but with phenolphthalein it invariably shows 
an acid reaction, and a certain amount of a decinormal alkali 
solution is required to bring out an alkaline reaction with this 
indicator. Further, phenolphthalein is an extremely sensitive 
reagent for sodium carbonate ; a solution contaLoing 0.001 per 
cent of sodium carbonate will give a pink color when brought 
in contact with a solution of phenolphthalein. With human 
saliva, however, we have never obtained any color reaction 
with phenolphthalein whatever; the solution invariably re- 
mains colorless, thus proving that the alkalinity indicated by 
litmus must be due to some acid salt or salts, like the hydro- 

• Chittenden and Ely, Amer. Chem. Journ., 1883, ir, p. 838. 
t Werther, Archly f . d. ges. Physiol., 1886, xxxriii, p. 2^. 
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gen alkali phosphates, with possibly some alkali bicarbonate. 
The submaxillary saliva of the dog, however, obtained by 
stimulation of the chorda tympani is usually, at least, faintly 
alkaline to phenolphthalein ; * consequently this fluid may owe 
its alkalinity in part to sodium carbonate. These facts, which 
admit of easy confirmation, are worthy of some consideration, 
since they have an important bearing upon the normal con- 
ditions governing enzyme action, 

I. Relative Alkalinity and AciDrrY of Human 
Saliva before and aftbb Eating. 

In this series of experiments the saliva was collected from 
one individual, stimulation of the secretion being effected by 
chewing a small piece of rubber. About 15 c.c. of fluid were 
collected each time. The portion collected before breakfast 
was obtained at 7.30 A. m., half an hour before eating, while 
the portion collected after eating was obtained fifteen minutes 
after the close of the meal. The alkalinity was determined by 
titrating the saliva (5 c.c.) with a decinormal solution of 
sulphuric acid, using lacmoid as an indicator, while the acidity 
was determined by the use of a decinormal solution of sodium 
hydroxide, the indicator being phenolphthalein. The alkalinity 
was calculated in terms of sodium carbonate, and is also 
expressed as milligrams of H^SO^ (absolute) required to neu- 
tralize 1 gram of saliva. The degree of acidity is expressed as 
milligrams of NaOH (absolute) required to neutralize 1 gram 
of saliva. Following are the results obtained (see table, p. 260). 

A glance at these results shows that the alkalinity of saliva, 
as indicated by lacmoid, is noticeably greater in most cases in 
the fluid secreted after a night's rest, before breakfast, than in 
the secretion obtained after the glandular activity induced by 
the morning meal. Before and after dinner, however (1 p. M.), 
this distinction is less conspicuous. It is also interesting to 
note that the average alkalinity, expressed in terms of sodium 
carbonate, is somewhat higher with lacmoid as an indicator 

* Chittenden, Science, n. a., 1897, y, p. 002. Also Chittenden, Mendel, and 
Jackson, Amer. Jour. Physiol., 1808, i, p. 174. 
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Time. 


Alkalinity. 


Acidii7. 


KxvresMd 


toKeatrmllM 
1 gram BiOiTm. 


MilUgrama NaOH 
toNeutrallM 
IgimmBallTa. 


Before Breakfast . 
After Breakfast . 

Before Breakfast . 
After Breakfast . . 

Before Breakfast . 
. After Breakfast . . 

Before Breakfast . 
After Breakfast . . 

Before Breakfast . 
After Breakfast . . 

Before Breakfast . 
After Breakfast . . 

Before Breakfast . 
After Breakfast . . 

Before Breakfast . 
After Breakfast . . 

Before Breakfast . 
After Breakfast . . 

Before Dinner . . 
After Dinner . . . 

Before Dinner . . 
After Dinner . . . 

Before Dinner . . 
After Dinner . . . 


percent. 
0.163 
0.127 

0.198 
0.130 

0.142 
0.122 

0.132 
0.132 

0.173 
0.127 

0.148 
0.132 

0.168 
0.127 

0.122 
0.122 

0.148 
0.137 
0.132 
0.142 

0.168 
0.158 

0.158 
0.158 


0.78 
0.61 

0.98 
0.64 

0.69 
0.59 

0.64 
0.64 

0.88 
0.61 

0.71 
0.64 

0.81 
0.61 

0.59 
0.59 

0.71 
0.66 

0.64 
0.69 

0.81 
0.76 

0.73 
0.76 


0.11 
0.04 

0.06 
0.08 

0.06 
0.06 

0.10 
0.08 

0.08 
0.04 

0.11 
0.08 

0.1 1 
0.08 

0.08 
0.02 

0.08 
0.08 

0.06 
0.02 



than with litmus or cochineal ; a fact which would be expected 
in view of the presence of the hydrogen alkali phosphates con- 
tained in the fluid. It is likewise to be seen that the average 
acidity as indicated by phenolphthaleln, though less con- 
spicuous, is also inclined to diminish after eating. 

II. Relative Alkalinity and Amylolytic Power op 
Human Sauva before and after Eating. 

In this series of experiments the main object was to ascer- 
tain whether there are noticeable variations in the amylolytic 
power of saliva before and after eating and whether such vari- 
ations, if existent, run parallel with variations in the alkalinity. 
As in the previous experiments, the saliva was collected by 
chewing a small piece of rubber. 
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Amylolytic power was determined as follows : 5 c.c. of the 
filtered saliva were diluted with distilled water to 50 c.c.; 
10 c.c. of the diluted fluid were then added to 1 gram of pure 
arrowroot starch made into a paste with 90 c.c. of water, and 
the mixture kept at 38° C. for half an hour. Amylolysis was 
then stopped by boiling the fluid, after which the solution, 
when cool, was made up to 150 c.c. with water and the reduc- 
ing sugar determined by the Allihn Method, using 25 c.c. of 
the sugar-containing solution. The results are expressed as 
milligrams of maltose formed from 1 gram of starch by 1 c.c. 
of saliva. The data obtained are given below. 



Golleotor. 


Time. 


Alkalinity. 


Amylolytic Power. 


Bzpreaaed 
M^^GO.. 


miliffTunB H.804 
toNeutnJixe 
IgnmSaliTm. 


MUIigrmmB Maltoae 

formed by 1 oc. 

BallTm. 


R. 


Before Breakfast 
After Breakfast 


percent. 
0.173 
0.127 


0.83 
0.61 


628.4 
511.8 


R. 


Before Breakfast 
After Breakfast 


0.168 
0.127 


0.81 
0.61 


630.6 
588.8 


R. 


Before Breakfast 
After Breakfast 


0.148 
0.182 


0.71 
0.64 


562.2 
485.4 


R. 


Before Breakfast 
After Breakfast 


0.122 
0.122 


0.59 
0.59 


620.4 
534.6 


R. 


Before Breakfast 
After Breakfast 


0.148 
0.137 


0.71 
0.66 


549.0 
510.5 


J. 


Before Breakfast 
After Breakfast 






209.4 
224.4 


M. 


Before Breakfast 
After Breakfast 


0.117 
0.102 


0.56 
0.49 


585.0 
468.6 


M. 


Before Breakfast 
After Breakfast 






621.0 
587.6 


R. 


Before Dinner 
After Dinner 


0.168 
0.158 


0.73 
0.76 


549.6 
536.4 


R. 


Before Dinner 
After Dinner 


0.142 
0.142 


0.69 
0.69 


582.0 
564.6 


R. 


Before Dinner 
After Dinner 






570.0 
562.8 


R. 


Before Dinner 
After Dinner 


0.168 
0.158 


0.78 
0.76 


599.8 
606.6 


R. 


Before Dinner 
After Dinner 


.... 




594.0 
547.2 
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From these results it would appear that saliva secreted after 
a period of glandular inactivity, as before breakfast, is ordi- 
narily possessed of greater amylolytic power than the secretion 
obtained after eating; results which accord closely with 
Hofbauer's observations. Before and after dinner (1 p. m.), 
however, the difference in amylolytic power is less pro- 
nounced ; a fact which might be expected in view of the short 
period for recuperation between the breakfast and dinner and 
because of the more or less constant stimulation of the salivary 
glands during the waking hours. Further, we see in these 
results a suggestion of some degree of relationship between 
the percentage of alkaline salts contained in the saliva and its 
amylolytic power. Before breakfast, for example, the content 
of alkaline salts and the starch-digesting power of the secre- 
tion are greater than in the fluid secreted after glandular 
activity. At first glance, then, it might seem that the varia- 
tions in amylolytic action noticed above are due to changes in 
the proportion of alkaline salts. The objection to this view, 
however, is that it associates the higher degree of amylolytic 
power with the higher percentage of alkalinity, whereas 
numerous trustworthy experiments tend to show that saliva 
manifests its highest degree of digestive power in a perfectly 
neutral fluid.* Consequently, if the above variations in 
amylolytic action are primarily due to changes in the propor- 
tion of alkaline-reacting salts, then the higher degi'ee of 
amylolysis should be connected with the lower degree of 
alkalinity. As the reverse is true, the more plausible and 
natural explanation of the results is that the higher degree of 
amylolysis is connected primarily with the presence of larger 
amounts of the amylolytic enzyme, and as this is presumably 
connected with the outpouring of a more concentrated secre- 
tion a corresponding increase in alkaline-reacting salts might 
naturally be expected. Further, in harmony with the latter 
view it is to be noticed that the secretions obtained before and 

• Langley and Eves, Journal of Physiology, 1883, iy, p. 18. Chitten- 
den and Smith, Studies in Physiological Chemistry, Yale University, 1885, i, 
p. 8. 
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after breaMast &il to show any close parallelism between the 
variations in amylolytic power and variations in alkalinity. 
Thus, the most marked differences in digestive power are fre- 
quently seen with salivas which show only a slight difference 
in alkalinity, and on the other hand marked differences in 
alkalinity may be associated with minor differences in amylo- 
lytic power. 

III. Alicaunity, Amylolytic Power and Composition 
OF Human Saliva before and after Eatng. 

In view of the preceding results, the following set of 
experiments was tried, in which, in addition to alkalinity and 
amylolytic power, the proportion of dry solids and inorganic 
salts of the saliva was likewise determined. The dry solids 
were determined by simply drying a weighed amount of the 
filtered saliva — usually 5 grams — on a water-bath and 
heating at 105° C. in an air-bath until of constant weight. 
The inorganic salts were then determined by careful ignition 
of the residue. In some of the following experiments relative 
amylolytic action was determined by Robert's * method, the 
method being based on the different lengths of time which 
solutions of different amylolytic power require to digest a 
certain amount of starch paste to the achromic point. The 
results obtained by this method are expressed in minutes ; 
L e.^ the number of minutes which elapse from the time the 
diluted saliva is added to the starch paste until the appearance 
of the achromic point. 

The results obtained are shown in the table on p. 264. 

In these results we have a suggestion of the same general 
tendency toward decrease of amylolytic power and lowered 
content of alkaline salts in the saliva secreted after the morn- 
ing meal, while as accompanying results we see corresponding 
fluctuations (although not in all cases) in the proportion of 
total solids, organic matter, and inorganic salts, thus bearing 
out the view that the variations in amylolytic power are 
connected mainly with changes in the general concentration 

• See Gamgee'fl Physiological Chemistry of the Animal Body, ii, p. 56. 
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Time. 


Vol 


Alkalinity. 


Amylolytio 


TbtiJ 
SoUdfl. 


OrgMiio 
matter. 


^'sar 




toneutnJ- 

ixelgnun 

Balhm. 


Mg.MAltow 
formed by 
IccSeliTm. 


BreiOcfaat 


R. 


Before 
After 


0.0. 

80 
25 


percent 

0.168 
0.122 


0.76 
0.59 


649.2 
601J2 


percent 

1.02 
0.51 


percent 

0.77 
0.83 


percent 
0.24 
0.17 


R. 


Before 
After 


25 
40 


0.108 
0.112 


0.78 
0.55 


651.0 
615.6 


0.86 
0.51 


0.58 
0.80 


0.28 
0.21 


R. 


Before 
After 


20 
25 


0.122 
0.102 


0.59 
0.49 


467.4 
491.4 


0.44 
0.40 


0.28 
0.19 


0.22 
0.21 


D. 


Before 
After 


20 
20 


0.081 
0.096 


0.89 
0.46 


48.0 • 
50.0 


0.37 
0.89 


0.21 
0.24 


0.16 
0.15 


A. 


Before 
After 


60 
40 


0.158 
0.158 


0.73 
0.76 


12.0 
15.0 


0.45 
0.53 


0.80 
0.84 


0.15 
0.19 


B. 


Before 
After 


40 
80 


0.137 
0.182 


0.66 
0.64 


18.0 
8.0 


0.82 
0.37 


0.15 
0.21 


0.17 
p.16 



of the secretion. At the same time it is to be observed that 
the above differences in composition and amylolytic power are 
much more marked with the individual R than with A, B, 
and D. In fact, with the latter three individuals there is very 
little difference in composition in the saliva before and after 
the morning meal, and further in the third experiment with 
R the amylolytic power after the meal is greater than that 
of the saliva secreted before eating. These results have led 
to another series of experiments having in view especially the 
determination of the fluctuations in the character of the saliva 
throughout the day. 

IV. Variations in the Composition and Amylolytic 
PovTBR of Human Saliva throughout the Day. 

In the first series of experiments under this head the saliva 
studied was collected by chewing a piece of rubber. The 
midday dinner was omitted; breakfast, however, was taken 
at 7.50 A. M. and supper at 6.40 p. M. Samples of saliva 

* In this and the two following experimentB amylolytic power was deter- 
mined by Robert's method. 



Digitized by VjOOQIC 



COMPOSITION OF HUMAN MIXED SALIVA. 265 

were analyzed every hour or two throughout the day. Fol- 
lowing are the results obtained : — 



Date. 


Time. 


Volume 
BaliTm. 


Alkalinity 

Calculated M 

Na,CO,. 


Amylolytio 
power. 

M-flHgwwna 

MaltoM. 


l\>tal 
Solida. 


Organio 
Matter. 


Inor- 




A.M. 


C.C 


peroeot. 




peroent. 


percent. 


percent. 


Jan. 20 


7.16 to 7.80 


21 


0.112 


574.2 


0.59 


0.29 


0.80 


20 


7.60 to 8.16, Breakfast 










20 


a40to 8.65 


25 


0.091 


469.2 


0.41 


0.18 


0.23 


20 


10.00 to 10.16 


29 


0.102 


544.8 


0.44 


0.24 


0.20 


20 


11.00 to 11.18 


28 


0.102 


617.2 


0.40 


0.28 


0.17 


20 


12.00 to 12.13 


21 


0.182 


183.6 


0.39 


0.16 


0.28 


20 


12.45 to 12.66 


19 


0.112 


280.8 


0.40 


0.20 


0.20 


20 


2.00 to 2.16 


21 


0.112 


270.6 


0.87 


0.16 


0.21 


20 


3.00 to 8.12 


21 


0.182 


217.8 


0.44 


0.26 


0.18 


20 


4.00 to 4.13 


22 


0.132 


382.8 


0.47 


0.27 


0.20 


20 


6.00 to 5.14 


28 


0.168 


576.4 


0.54 


0.29 


0.25 


20 


7.00 to 7.26 


Supper 












20 


8.30 to 8.46 


29 


0.163 


513.0 


0.49 


0.25 


0.24 


20 


ia40 to 10.56 


28 


o.ie3 


469.6 


0.66 


0.88 


0.17 



Here, as in the preceding experiments, there is noticeable 
the same diminution of amylolytic power, alkalinity, and con- 
tent of solid matter, etc., in the mixed saliva secreted directly 
after the morning meaL Of special significance, however, is 
the marked variation in the values throughout the day, 
thereby suggesting the existence of a normal curve of secre- 
tion. Thus, after the morning meal the saliva shows the 
effect of the stimulation by its lower content of solids etc. 
Soon after, however, there is an upward tendency ; the curve 
rises, and amylolytic power is increased as well as the alka- 
linity, together with the total solids and organic matter. The 
inorganic salts, on the other hand, still remain low. Towards 
noon time, amylolytic power sinks very greatly, and there is 
a corresponding drop in the proportion of organic solids, 
although the alkalinity and inorganic salts still remain fairly 
high. After this, amylolytic power gradually rises, reaching 
the maximum again at 6 p. m. with a corresponding rise in 
alkalinity, total solids, etc. Supper at 7 P. »f. apparently 
causes a slight fall in amylolytic power, together with a fall 
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in the solid matter secreted. At 10.40 P. M. aanylolytic power 
shows a still greater fall, although alkalinity and solid matter 
are increased in amount. 

How far are the preceding variations in the secreted saliva 
due to the combined influence of taking food and the mechani- 
cal stimulation incidental to mastication of the rubber, and 
how far to a natural variation in the composition of the 
secretion? This question we have endeavored to answer by 
noting the variations in the saliva on a day when food was 
abstained from, and by collecting the saliva without move- 
ment of the jaws. This was accomplished by simply resting 
the head on the hands, with the mouth downwards, and 
allowing the saliva to drip into a beaker without any unneces- 
sary movement.* In this way 15-20 c. c. of saliva were 
collected in half an hour. 

Following are the results obtained : — 



Date. 


Time. 


Tolome 
BaUTft. 


Alkalinity 
at Na,CO» 


Amylolytic 

Power. 

Milligrams 

Maltose. 


Total 
Solids. 


Organic 
Matter. 


In. 
organic 




lOdnlcbt. 
ILiT to 12.16 


CO. 


percent 




percent 


percent 


percent 


Jan. 26 


16 


0.081 


490.4 


0.38 


0.23 


0.16 




A.M. 














27 


6.40 to 7.80 


13 


0.088 


672.4 


0.63 1 


0.47 


0.16 


27 


9.30 to 10.00 


16 


0.092 


568.6 


. • . 


, , 


. 


27 


11.00 to 11.80 

P.M. 


20 


0.071 


381.0 


0.33 


0.18 


0.15 


27 


12.26 to 12,50 


17 


0.102 


441.0 


0.37 


0.19 


0.18 


27 


2.16 to 2.45 


16 


0.092 


347.4 


0.32 


0.20 


0.12 


27 


4.00 to 4.30 


19 


0.091 


416.4 


0.35 


0.19 


0.16 


27 


6.16 to 6.60 


18 


0.102 


423.0 


0.86 


0.19 


0.16 


27 


7.00 to 7.26. 


Supper 












27 


8.80 to 9.00 


0.102 


408.2 


0.48 


0.28 


0.16 



A study of these results shows clearly that when the stimu- 
lating influences of food and mastication are withdrawn, con- 
spicuous alterations in the composition and physiological action 
of the saliva are still found, as though there might be a normal 

• See Hofbauer, loc cit., p. 608. 

t This result is of somewhat questionable accuracy, having been obtained 
with a yery small amount of saliva. 
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curve independent of the fluctuations induced by stimuli. 
Thus at 11.30 A. M. there is seen the same fall in amylolytic 
power, that was so conspicuous in the preceding experiment. 
Further, the saliva secreted at 2.15 P. M. shows a diminution 
in amylolytic power, as noticeable as the diminution frequently 
observed after a hearty meal. It is thus quite evident that in 
the absence of food and other stimulation hourly changes in 
the amylolytic power of mixed saliva may occur just as marked 
as those noticed in the saliva secreted before and after break- 
fast Variations iu alkalinity, total solids, etc., are not so 
prominent. It is to be noticed, however, from the last series 
of experiments, that iu the absence of breakfast there is no 
great variation in the amylolytic power of the saliva secreted 
between 6.40 and 11.00 A. M. ; consequently we may accept 
the conclusion, justified by the results of most of our experi- 
ments, that the taking of food, as at breakfast, tends to lower 
the starch-digesting power of the saliva secreted some time 
thereafter. This being so, it seems probable that other forms 
of stimulation may likewise give rise to a change in the com- 
position and physiological action of mixed saliva. 

V. Influence op Various Stimuli on the Composi- 
tion AND Amylolytic Power of Human Saliva. 

In this series of experiments the attempt was made to 
ascertain how far the character of the stimulus modifies the 
properties of mixed saliva. The special stimuli employed were 
ether, alcohol, whiskey, and gin. The first two were taken 
into the mouth in the form of vapor, and the saliva allowed to 
trickle from the mouth without motion of the jaws, the fluid 
so obtained being compared with saliva resulting from the 
mechanical stimulation produced by chewing a piece of rubber. 
With whiskey and gin, the mouth was well rinsed with the 
fluid and the saliva collected by allowing it to flow from the 
comer of the mouth. The control experiments with water 
were made in the same way ; i. «., the mouth was rinsed with 
water and the saliva allowed to trickle forth. Finally, for the 
sake of comparison and to ascertain how far two samples of 
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saliva obtained at such close intervals, under similar forms of 
stimulation, differ from each other, four control experiments 
were tried with water and rubber alone. 
Following are the results obtained: — 



Date. 


Time. 


Btimuloi. 


II 


388 


Amylolytic 
Millignuna 


Total 
BoUdft. 


OnKUilo 
Mrttitr. 


1^ 




Dec. 3 


A.M. 

11.06-11.30 
11.30-11.60 


Rubber. 
Ether. 


0.0. 

40 
80 


0.168 
0.204 


682.6 
624.6 


peroont 
0.68 
0.76 


peroent. 
0.81 
0.64 


percent. 
0.32 
0.22 


9 


0.50-10.10 
10.10^10.30 


Rubber. 
Ether. 


80 
25 




662.8 
498.6 


0.64 
0.54 


0.30 
0.29 


0.24 
0.81 


18 


11.40-12.00 
12.00-12.35 


Rubber. 
Alcohol. 


40 
28 


0.122 
0.132 


472.2 
610.6 


0.41 
0.48 


0.21 
0.19 


0.20 
0.24 


14 


10.00-10.30 
10.30-11.00 


Water. 
Whiakey. 


80 
36 


0.061 
0.102 


478.4 
486.4 


0.82 
0.42 


0.19 
0.29 


0.18 
0.13 


16 


10.15-10.40 
10.45-11.20 


Water. 
Gin. 


23 
24 


0.071 
0.102 


488.6 
642.0 


0.34 
0.63 


0.20 
0.86 


0.14 
0.17 


17 


10.20-10.38 
10.46-10.55 


Ether. 
Rubber. 


27 
28 


0.122 
0.183 


586.2 
577.2 


0.32 
0.62 


0.16 
0.24 


0.16 
0.28 


20 

P.M. 


11.15-11.48 
12.15-12.45 


Water. 
Water. 


24 
24 


0.071 
0.102 


606.6 
564.0 


0.68 
0.38 


0.55 
0.27 


0.18 
0.11 


Jan. 11 


3.03- 8.85 
4.0&- 4.40 


Water. 
Water. 


26 
30 


0.058 
0.081 


486.8 
632.2 


0.30 
0.85 


0.16 
0.21 


0.14 
0.14 


13 

P.M. 


11.25-11.40 
12.10-12-26 


Rubber. 
Rubber. 


30 
30 


0.153 
0.261 


571.8 
660.8 


0.49 
0.47 


0.26 
0.24 


0.23 
0.23 


u 


10.38-10.58 
11.80-11.46 


Rubber. 
Rubber. 


34 
32 


0.132 
0.142 


577.8 
694.6 


0.50 
0.51 


0.27 
0.26 


0.23 
0.26 



A glance through these results shows at once certain marked 
differences in the character of the saliva obtained under the 
various conditions specified. Thus, saliva which flows from 
the mouth after the latter has been rinsed once with water 
invariably shows a lower degree of alkalinity, and generally 
contains a smaller percentage of solid matter than the secretion 
obtained by the other methods. In amylolytic power, however, 
there is great variation, some samples showing a relatively 
strong amylolytic action, while others with essentially the 
same degree of alkalinity are much weaker in their starch- 
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digesting power. Simple mastication of rubber has a marked 
influence in raising the content of alkaline salts in the saliva, 
as well as the total inorganic constituents, and there is a ten- 
dency toward increase in amylolytic power, although the latter 
is not constant. 

As to the influence of alcohol, ether, gin, and whiskey, there 
is, we think, no question that these agents taken into the 
mouth change the character of the secretion, increasing its 
alkalinity, amylolytic power, and content of solid matter. This 
is certainly true if the secretion so obtained is compared with 
the saliva flowing from the mouth without stimulation of any 
kind. Saliva, however, secreted under the stimulation produced 
by chewing rubber is, as we have seen, comparatively con- 
centrated, and the difference between the secretion resulting 
from that method and the fluid coming from ether, alcohol, 
and other like forms of excitation, without mechanical stimula- 
tion, is not so decisive in the above experiments as to make the 
matter quite clear, especially in view of the fact that two 
portions of saliva obtained one after the other, by the same 
method of stimulation, are liable to show marked differences in 
composition and reaction. Particularly noteworthy is the fact 
that of two portions of saliva collected one after the other by 
mechanical stimulation (chewing rubber) or by simply allowing 
the saliva to flow from the mouth after once rinsing the latter 
with water, the latter portion of saliva is, as a rule, more con- 
centrated and possessed of higher amylolytic power than the 
portion first secreted. It is thus obvious that great care must 
be exercised in drawing deductions from the composition and 
amylolytic action of mixed saliva when the latter is so prone 
to vary under what seem to be essentially the same forms of 
stimulation. It is furthermore equally obvious that the 
possible causes to which the above variations may be attributed 
are many, since there are involved three distinct sets of glands 
in addition to the buccal glands of the mouth cavity. Hence, 
increase or decrease in amylolytic power, as well as in the 
general concentration of the secretion, may involve simply an 
alteration in the relative activity of the individual glands and 
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not be connected primarily with any specific stimulation of 
metabolic or secretory activity. 

However this may be, it is quite clear that the natural 
variations in the character of the mixed saliva, indicated by 
the results of the last four experiments of the above series, 
render it necessary to use great caution in arranging the con- 
ditions under which the experiments are tried. We have 
therefore repeated the above experiments, choosing for the 
collection of the saliva a time of day when we have found the 
mixed saliva most constant in composition, viz., between 9.80 
and 10.80 A. M. To be sure, there are variations in the com- 
position and starch-digesting power of successive portions of 
saliva collected by the same method at this period, but they 
are relatively small, — quite small, indeed, as compared with 
the variations liable to occur at other periods of the day. The 
truth of this statement is illustrated by the two following 
experiments, in which the saliva was collected without stimula- 
tion, simply allowing it to flow from the mouth. 



Date. 


Time. 


Volume 
8eIiT». 


AJQcelliilty 
aeNe,CQ;. 


Amyloljtio 

Power. 
MiUlgrame 
Heltoee. 


Tbtel 
BoUde. 


Organio 
Courtlt' 
uenta. 


Id. 

0^ 






A.1L 


0.0. 


percent. 




peroent. 


per cent. 


peroent 


Feb 


8 


9.82 to 10.06 


21.0 


0.0816 


669.4 


0.60 


0.81 


0.19 




8 


10.16 to 10.42 

P.M. 


22.0 


0.0918 


649.0 


0.46 


0.29 


0.17 




8 


6.00 to 6.20 


19.6 


0.0918 


678.6 


0.49 


0.81 


0.18 




8 


6.27 to 6.60 


17.0 


0.1122 


618.8 


068 


0.61 


0.17 



Thus, the two portions collected between 9.82 and 10.42 
A.M. are essentially aUke, while the two fractions secreted 
between 6.00 and 6.50 P.M., all without stimulation, are more 
dissimilar. Adopting the morning hour as the better time for 
collection, experiments were tried with alcohol, ether, chloro- 
form, whiskey, and gin, comparing in each case the saliva 
obtained under their influence with the secretion coming with- 
out stimulation of any kind. The exact method pursued in 
the case of the control, f.e., with water, was to rinse the 
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mouth once with distilled water, after which the saliva was 
simply allowed to drop from the mouth into a beaker. With 
ether and chloroform the mouth was filled once with the vapor 
and the saliva then allowed to flow spontaneously into a 
receptacle without any motion of the jaws. With the alcohol, 
gin, and whiskey, 10 c.c. of the fluid were taken into the mouth, 
held a moment, and then ejected, after which the saliva was 
collected as in the other cases. Lastly, an experiment was 
tried (Feb. 16) by chewing rubber as a stimulant, and com- 
paring the saliva so obtained with a control secreted without 
stimulation. Following are the results obtained : 



Date. 


Time. 


Bttmulofl. 


^1 


1 


a 


Amylolytic 

Power. 
KiUignmt 


Total 
Solids. 


Ozganio 
CoQstit. 
oenta. 


Inor. 


Feb. 7 


10.06-10.82 
10.87-10.66 


Water. 
40% alcohol. 


O.C. 

18.0 
18.0 


percent. 
0.0714 
0.1122 


480.6 
614.2 


percent 
0.42 
0.48 


percent. 

0.22 
0.26 


percent. 
0.20 
0.17 


8 


9.37-10.06 
10.11-10.82 


Water. 
Ether. 


18.0 
18.0 


0.0612 
0.1122 


666.4 
66a6 


0.42 
0.64 


0.26 
0.29 


0.17 
0.26 


10 


9.63-10.18 
10.27-10.47 


Water. 
Chloroform. 


17.6 
17.0 


0.0816 
0.0714 


604.2 
644.4 


0.61 
0.69 


0.83 
0.48 


0.18 
0.21 


11 


9.40-10.07 
10.14r-10.86 


Water. 
Whiskey. 


17.0 
17.0 


0.0714 
0.1020 


498.8 
647.8 


0.39 
0.60 


0.26 
0.31 


0.14 
0.19 


16 


9.62-10.16 
10.21-10.27 


Water. 
Rubber. 


16.6 
17.0 


0.0816 
0.1630 


641.2 
677.2 


0.88 
0.68 


0.21 
0.26 


0.17 
0.32 


18 


9.33-10.03 
10.10-10.84 


Water. 
Gin. 


17.0 
19.0 


0.0714 
0.1020 


684.4 
610.2 


0.49 
0.67 


0.33 
0.39 


0.16 
0.18 


23 


9.26- 9.61 
10.01-10.24 


Water. 
Water. 


17.0 
17.6 


0.0714 
0.0714 


429.6 
428.0 


0.30 
0.81 


0.18 
0.18 


0.12 
0.18 



From these results it would seem quite clear that the several 
agents employed, with the exception of chloroform, give rise to 
a marked increase in the content of alkaline-reacting salts in 
mixed saliva. Mechanical stimulation, as by chewing rubber, 
however, is even more effective than the chemical stimuli 
employed, although it must not be overlooked that in the 
above experiments the action of alcohol, ether, whiskey, etc., 
is necessarily of short duration. Further, there is evidence in 
most of the results of an increase in amylolytic power, as well 
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as in the content of solid matter under the influence of the 
stimuli. It is thus safe to assert that alcohol and alcoholic 
fluids not only stimulate the flow of saliva, but that they also 
tend to increase the concentration and amylolytic power of 
himian mixed saliva, — results which are in close accord with 
the action of these fluids upon the secretion of the sub-maxil- 
lary saliva of the dog.* Further, simple mechanical stimula- 
tion, as mastication, may also increase the amylolytic power of 
mixed saliva. Lastly, it should be mentioned that the saliva 
resulting from the above forms of stimulation, excepting 
mechanical stimulation, is much more viscid than the fluid 
secreted spontaneously, evidentiy from a higher content of 
mucin. 

Summary. 

Human mixed saliva contains normally no sodium carbonate 
whatever ; the alkalinity indicated by litmus, lacmoid, etc., is 
due to hydrogen alkali phosphates, with possibly some alkali 
bicarbonate. Mixed saliva invariably reacts acid to phenol- 
phthalein. 

The alkalinity of mixed saliva, as indicated by lacmoid, is 
greater before breakfast than after the morning meal; a 
conclusion which stands in direct opposition to the statement 
frequentiy made that " the alkalinity (of mixed saliva) is least 
when fasting, as in the morning before breakfast, and reaches 
its maximum with the height of secretion during or immedi- 
ately after eating." f 

Saliva secreted after a period of glandular inactivity, as before 
breakfast, manifests greater amylolytic power than the secretion 
obtained after eating, as observed by Hof bauer. Correspond- 
ing with this increase in amylolytic power occurs an increase 
in the proportion of alkaline-reacting salts, but the increased 
amylolysis is due primarily to an increase in the amount of 
active enzyme contained in the saliva. 

Mixed saliva, whether collected by mechanical stimulation 

♦ See Chittenden, Mendel, and Jackson* Amer. Jour. Physiol., 1898, i, p. 167. 
t Tex^book of Physiology, edited by E. A. Sch&fer, 1898, i, p. 344. 



Digitized by VjOOQIC 



COMPOSITION OF HUMAN MIXED SALIVA. 278 

or collected without effort, shows a natural tendency to vaiy 
both in composition and in amylolytic power throughout the 
twenty-four hours, and apparently independent of the taking 
of food. Between 7.00 and 11.00 A.M., however, in the 
absence of food the secretion is remarkably constant. 

Mechanical stimulation, as chewing a tasteless substance, 
and alcohol, ether, gin, whiskey, etc., taken into the mouth, 
all lead to the outpouring of a secretion richer in alkaline- 
reacting salts and in amylolytic power than the secretion 
coming without stimulation. 

Mixed saliva resulting from stimulation with ether, alcohol, 
etc., contains a much larger proportion of mucin than the 
secretion coming without stimulation, being noticeably thick 
and viscid. This quality is not apparent in the saliva result- 
ing from mechanical stimulation. 



18 
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ON THE PATHS OF ABSORPTION FOR PROTEmS.* 

Bt LAFAYETTE B. MENDEL. 

The text-books of physiology agree, at present, in assigning 
to the portal circulation the task of transporting away from 
the alimentary canal ingested proteids after they have been 
modified by the natural digestive processes. The experimental 
evidence in favor of this view is ^miliar, and has scarcely been 
questioned; recently, however, Asher and Barbara f have 
published the results of an experiment which leads them to 
conclude that the thoracic duct forms — though perhaps only 
to a small extent — a channel for the transportation of digested 
proteids to the blood. These investigators experimented upon 
a large dog having a well-healed gastric fistula. A cannula 
was introduced into the thoracic duct of the animal after it 
had fasted for sixty hours. During continued narcosis the 
hunger-lymph was collected for an hour ; two hundred grams 
of dry albumin (from blood) were then introduced into the 
stomach through the fistula and thereupon the lymph collected 
for six hours in hourly portions. Total solids, ash, and total 
nitrogen were determined in the seven portions, and the pro- 
teid content of the lymph was calculated from these data. 
The results obtained may be summarized as follows: 

Experiment of ABher and BarMra. 

AtSBAOB COMPOSITlOy of LtMPH, FEB HOUB. 

Before After 

Proteid Feeding. Proteid Feeding. 

Lymph, grams 16.60 27.91 

Total soUds grams 1.15 2.18 

« percent 7.05 7.81 

Ash grams 0.08 0.10 

percent 0.49 0.36 

Nitrogen grams 0.132 0.251 

percent 0.809 0.899 

Proteid (N X 6.25) grams 0.826 1.572 

" " percent 5.056 5.632 

* Reprinted from the Amer. Jour, of Physiol., vol. ii. 

t Asher and Barbara : Centralblatt f. Physiologic, 1897, xi, p. 403. "Der 
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In connection with the data obtained, Asher and Barbara 
point out that the curves plotted to indicate the changes in 
the composition of the lymph from hour to hour show a 
striking similarity to those obtained for the hourly nitrogen 
excretion in the urine after meals ; * and the authors are in- 
clined to attach significance to the correspondence between 
the curves. 

In support of earlier experiments f demonstrating that — in 
man — the absorption of ingested proteids is not ordinarily a 
function of the lymphatics, I. Munk % has published a brief 
review of the experiment of Asher and Barbara. He points 
out that the total proteid found in the lymph during the six 
hours of the absorption period exceeds the proteid in the 
hunger-lymph, calculated for an equal period, by only 4.485 
grams, t. e., 

Total proteid in *' absorption ** Ijmph = 9.436 grams 

" hunger " " (6 X 0.826) = 4.950 " 

Proteid presumably absorbed into lymphatics = 4.486 " 

Of the 200 grams of proteid introduced into the dog's stomach, 
130 grams were recovered at the end of the experiment. 
Accordingly, since 70 grams of the albumin introduced had 
disappeared from the alimentary tract, the additional quantity 
of proteid found in the lymph during six hours of absorption 
corresponds to only 6.4 per cent of the proteid absorbed. In 
other words, 93.6 per cent of the material absorbed presumably 
passed into the circulation by channels other than those lead- 
ing to the thoracic duct. Munk further points out that these 
results were obtained with excessive quantities of proteid : 200 
grams being given to the dog at one time. 

Brustgang betheiligt sich also nach Eiweissnahrung an der Fortfilhrung des 
Eiweisses in das Blut, wenn auch in geringer Menge." Ibid., pp. 406-7. 

* Cf. Tschlenoff, Correspondenzblatt f. Schweizer Aerzte, 1896, p. 1 ; 
Veraguth, Journal of Physiology, 1897, xxi, p. 112 ; Hopkins and Hope, ibid., 
1898, xxiii, p. 271 ; Hopkins, Schaefer's Text-book of Physiology, 1808, i, 
p. 685. 

t Munk and Rosenstein, Virchow's Arch. f. d. exper. Pathologic, 1891, 
cxxiii, p. 496. 

I L Munk, Centralblatt f tir Physiologie, 1897, xi, p. 686. 
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I have repeated the experiment of Asher and Barbara with 
modificatioiis in two respects. First, a smaller quantity of 
proteid was fed ; and secondly, the proteid employed was a 
readily soluble one — Witte's **pepton" — which previous ex- 
perience had shown to be satisfactorily utilized by dogs.* A 
gastric fistula had been made on the 14-kilo animal several 
months previously. The wound was perfectly healed and the 
dog in good health.t After forty-eight hours' fasting a glass 
cannula was tied into the thoracic duct during morphine 
narcosis (0.16 gram morphine sulphate + 0.016 gram atropine 
sulphate subcutaneously), a little chloroform-ether being ad- 
ministered when necessary. The dog remained in narcosis 
during the experiment. The portion of lymph collected during 
the first ten minutes after introduction of the cannula was 
not retained, since owing to the operative procedure the flow 
of lymph is at first always somewhat more rapid than subse- 
quently.J The "hunger" lymph was collected during an 
hour ; thereupon 55 grams of Witte's " pepton " containing 
14.0 per cent nitrogen were introduced with 125 c.c. water 
through the fistula into the stomach. The lymph was then 
collected in hourly portions during the six succeeding hours. 
The animal was killed by bleeding and the stomach contents 
removed and examined. The intestine was found empty ; the 
appearance of the gastric and intestinal mucosa was normal. 
The stomach contained 205 c.c. fluid with mucous flocks in 
suspensioru The filtered gastric contents, composed largely 
of primary proteoses, with a little true peptone, furnished the 
following data on analysis: 

Total solids 80.28 grams 

Total nitrogen (Kjeldahl) 4.42 " 

Nitrogen in total solids 14.00 per cent 

Total acidity (equivalent to HCl) 0.77 « 

No^ree HCl present 

• Cf. Mendel and Jackson, Amer. Jour. Physiol., 1898, ii, pp. 10-11. 
t The form of gastric cannula used has been described in the American 
Journal of Physiology, 1808, i, p. 101. 

X Cf. Heidenhain, Arch, f . d. ges. Physiol., 1891, xlix, p. 216. 
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The lymph portions were analyzed in the customary manner, 
nitrogen being determined by the Kjeldahl method and the 
proteid calculated from the figures thus obtained. The results 
are summarized in the accompanying table. 



TABLE 


OF ANALYSES OF LYMPH. 








TlBW. 


II 


TMAlSoUdB. 


A«b. 


Kitrogen. 


Proteid 
(N X 6.26). 


boon. 


gnn. 


grm. 


r. 


grm. 


per 
oent. 


grm. 


oent. 


grm. 


per 
oent. 


1. (Before feeding). 


13.46 


0.651 


4.09 


0.122 


0.90 


0.0609 


045 


0.881 


2.88 


2. (After feeding). 


16.59 


0.626 


8.83 


0.147 


0.88 


0.0674 


0.40 


0.421 


2.53 


3. « 


11.60 


0.472 


4.10 


0.104 


0.90 


0.0475 


0.41 


0.297 


2.58 


4, '* " 


12.64 


0.548 


4.33 


0.105 


0.8:i 


0.0614 


0.48 


0.384 


ao3 


6. " " 


8.79 


0.893 


4.47 


0.068 


0.77 


0.0454 


0.51 


0.284 


8.28 


6. " " 


14.60 


0.674 


4.61 


0.125 


0.85 


0.0768 


0.52 


0.480 


8.28 


7. " " 


15.90 


0.708 


4.45 


0.128 


0.80 


0.0757 


0.47 


0.473 


2.97 


Six fasting hrs. 




















(calculated). 


80.76 


8.806 


4.09 


0.732 


0.90 


0.3654 


0.45 


2.286 


2.88 


Six absorption hrs. 




















(2-7). 


80.02 


3.420 


4.27 


0.677 


0.84 


0.8742 


0.46 


2.339 


2.92 



The 65 grams of Witte's "pepton" introduced into the 
stomach contained 7.70 grams of nitrogen. At the end of the 
experiment unabsorbed proteid containing 4.42 grams nitro- 
gen was recovered from the stomach. The nitrogen in the 
" pepton " absorbed thus amounted to 7.70 — 4.42 = 8.28 
grams, equivalent to 23.4 grams of Witte's " pepton." Nearly 
one-half the proteid fed had thus been absorbed ; in Asher and 
Barbara's experiment about one-third of the albumin disap- 
peared. In my experiment the total nitrogen in the lymph 
during the absorption period amounted to 0.374 gram; the 
nitrogen-content of the starvation lymph (1) calculated for 
an equal period, would amount to 6 X 0.0609 = 0.365 gram. 
The difference between these figures — 0.0088 gram N = 0.053 
gram proteid — which may be attributed to the proteid ab- 
sorbed, is insignificantly small in amount, and is far smaller 
than the corresponding figure obtained by Asher and Barbara 
with a considerable larger quantity of proteid. Neither the 
total quantity of lymph collected nor the percentage of proteid 
present was increased during the six hours of absorption. 
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With reference to a possible correspondence between lymph 
flow and urea excretion after proteid absorption it may be 
remarked that — according to Tschlenoff — if peptone is in- 
gested instead of ordinary proteids, the maximum urea excretion 
is reached in the second hour. To emphasize the comparison 
— as Asher and Barbfera have done — between the lymph flow 
and the urea excretion observed in quite different experiments 
seems to me of doubtful value ; for the lymph flow is readily 
influenced by purely mechanical factors. Thus it is quite 
possible that, in my experiment, movements of defecation ob- 
served in the dog in the sixth hour may explain the increased 
flow of lymph unaccompanied by any alteration in the percent- 
age of proteids ; just as slight pressure on the abdomen will 
immediately cause an increase in the flow. 

Asher and Barbara * have formulated the theory that the 
lymph is a product of metabolism in the glands of the body, 
and they have attempted to demonstrate that the lymph flow 
increases in all cases where there is accelerated glandular 
activity. In view of the work accomplished by the alimentary 
epithelium and the liver during the digestion and absorption 
of proteids, the new theory demands that an increased flow of 
lymph should result after proteid feeding. The present ex- 
periment with " pepton " failed to yield results in conformity 
with this view ; it might, however, be said by the defenders 
of the theory that no pronounced increase in lymph flow is 
to be expected during the absorption of soluble and readily 
diffusible products like Witte's " pepton," since the work of the 
intestines is comparatively slight under these conditions. Such, 
at least, is the explanation which they have applied to the 
absence of accelerated lymph flow in carbohydrate nutrition. 

The resiTlts of the absorption experiment with moderate quan- 
tities of a soluble proteid fail to modify the current statements 
regarding the paths by which proteids are absorbed ; f. «., under 
ordinary circumstances by far the greater share in the process 
must still be delegated to the capillaries of the villi. 

« Asher and Barbara: Zeitschr. f. Biologie, 1898, xxxri, p. 210; Asher, 
IV. iDtemational Physiological Congress, Centralbl. f. Physiol., 1898, xii, 
p. 486. 
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A CHEMICO-PHYSIOLOGICAL STUDY OF CER- 
TAIN DERIVATIVES OF THE PROTEIDS.* 

By R. H. CHTTTENDEN, LAFAYETTE B. MENDEL, abd YAN- 
DELL HENDERSON. 

The marked activity which has characterized the study of 
the proteids and their primary digestion or cleavage products 
during the last decade has been especially manifest in two dis- 
tinct directions. In the first place, efifort has been directed 
toward a study of the various transitions which these substan- 
ces undergo in the several phases of digestion and nutrition, 
with a view to obtaining clearer insight into the genetic rela- 
tionship of the various chemical products and incidentally into 
their chemical nature. In the second place, much attention 
has been given to a study of the physiological action of the 
more characteristic products of gastric and pancreatic proteoly- 
sis, and more especially the behavior of these products when 
introduced into the system through channels other than the 
gastro-intestinal tract. This latter phase of physiological 
research has been carried out in the majority of cases with a 
mixed product resulting from the digestion of blood fibrin 
with gastric juice, known as " Witte's pepton," and composed 
of a variable proportion of proteoses with some true peptone. 
It is needless to refer here in detail to the extensive litera- 
ture which these latter investigations have created. It will 
suffice to recall the fact that the more important observations 
on the effect of so-called " peptones " when introduced directly 
into the blood current were made by Schmidt-Mtilheim t and 
FanoJ in Ludwig's laboratory. The results they obtained 
have in part become classic, and supplemented by certain later 
observations made by other investigators may be briefly sum- 

* Reprinted from the American Journal of Physiology, yol. IL 
t Schmidt-Miilheim. Archiy f. Physiol., 1880, p. Sa 
I Fano, Ibid., 1881, p. 277. 
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marized as follows : The primaiy products of digestion (pro- 
teoses), when introduced directly into the circulation of dogs 
in doses from three to five decigrams per kilogram of body- 
weight, produce a rapid and marked fall of arterial blood- 
pressure, which slowly returns to the normal If after the 
injection of the proteoses blood be withdrawn from an artery, 
it fails to clot as rapidly as under normal conditions, or may 
even remain liquid indefinitely. The intensity of the effects 
produced depends in part on the rapidity with which the 
substance is introduced into the circulation and to a lesser 
degree on the quantity of material employed. Further, when 
the effects of an injection have disappeared, a second similar 
injection may fail to produce the characteristic action, a certain 
degree of immunity having been established. Coincident with 
these results there usually occurs a very marked increase in 
the flow of lymph in the thoracic duct, together with a de- 
creased coagulability of this fluid. Other changes in the urin- 
ary secretion and respiration are less constant, and have been 
less thoroughly investigated. 

These statements will, we believe, receive general accept- 
ance, as expressing well-established truths. There remain, 
however, a large number of problems to the solution of some 
of which the experimental work of this paper is directed. 
Thus the questions arise: Are the various physiological re- 
sults — fall of arterial pressure, loss of blood coagulability, 
lymphagogic influence, etc. — genetically related or inde- 
pendent phenomena? Is the influence exercised dii-ectly upon 
the blood or indirectly through specific organs or tissues? 
Are all organisms equally susceptible to these actions ? Are 
the effects produced common to all decomposition or cleavage 
products of proteids? What light do the phenomena throw 
upon normal or abnormal processes in the body ? 

Such are some of the problems presented. Recent work by 
a number of investigators, however, has thrown light in many 
directions and revealed a multitude of facts which promise 
advance in this particular field. Still, few investigators have 
attempted to use for study more characteristic or more definite 
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chemical products than the earlier workers had at their com- 
mand, or where this has been attempted there has in some 
cases at least existed a certain degree of indefiniteness con- 
cerning the exact nature of the substances employed. This is 
the more to be regretted as there are many facts which tend 
to show that the primary cleavage products of the proteids 
may differ from each other in their chemical constitution, and 
if so one might naturally look for pronounced variations in 
physiological behavior. Further, it unfortunately happens 
that previous experimental data obtained with isolated pro- 
teoses and peptones are frequently deficient or entirely wanting 
on many points of interest. We therefore present our results 
obtained with various types of proteid cleavage products in 
the hope that they may contribute somewhat to a broader and 
more concise knowledge of the subject. The several products 
we have made use of are fully described as regards mode of 
preparation, composition, and chemical characters in another 
section of this paper. Their physiological action is described 
in the following pages. 

The Physiological Effects of Some Cleavage Prod- 
ucts OF THE Proteids when introdxtced Directly 
INTO the Circulation. 

Technique — Our experiments were carried out exclusively 
on dogs. The animals were made to &.8t for at least twenty- 
four hours previous to the operative procedure; they were 
narcotized by a subcutaneous injection of morphine mixed 
with atropine, and a mixture of chloroform and ether was ad- 
ministered during the operative interference and at other times 
when necessary. Arterial pressure was recorded by a mer- 
curial manometer connected with the carotid or femoral artery, 
and the injections were made into one of the facial veins from 
a burette attached to a glass cannula. Intervals of one second 
were recorded beside the blood pressure curve by means of a 
metronome time-marker. In observing the rate at which the 
blood coagulated, portions were drawn from the right femoral 
artery. The cannula was removed after each withdrawal of 
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• 

blood and thoroughly cleansed, and the blood was allowed to 
escape for a second or two before the next portion was taken. 
The samples of 2 c.c. each were received in graduated cylin- 
ders with a caliber of one centimeter. The " rate of coagulsr 
tion" was taken to be the time which elapsed before the 
cylinder could be inverted without the loss of a drop. 

The elimination of tlie substances through the kidneys, as 
well as the rate of flow of the urine, was studied by collecting 
the urine from cannulse introduced directly into the ureters. 
In those experiments in which the lymph was collected and 
analyzed, the directions of Heidenhain * were followed. 

The proteoses, peptones, etc., studied were usually dissolved 
in 0.7 per cent sodium chloride solution. With substances 
insoluble in dilute saline fluids, such as heteroalbumose and 
antialbumid, it was found best to use a few drops of ammo- 
nium hydroxide to facilitate solution, any excess of ammonia 
being driven off by heat. The volimie of fluid injected was 
ordinarily 4 c.c. per kilo of body-weight up to a maximum of 
60 c.c. The doses of the different substances employed were 
varied in order to ascertain their relative activity. The injec- 
tions were accomplished as rapidly as possible, and seldom 
occupied more than thirty seconds. Indeed, many of the trac- 
ings show a slight initial rise of blood-pressure due probably 
to the increased volume of the blood reaching the heart, before 
the fall caused by the substances injected. 

Specific BubBtances Btudied. — In selecting substances for 
study we have been influenced by the fact that the evidence 
already at hand is suflScient for establishing the general action 
of mixed proteoses and peptones. It has therefore seemed to 
us desirable to study especially the physiological action of cer- 
tain well-defined cleavage products with a view to obtaining 
evidence of the action of the individual bodies present in the 
ordinary digestion products of the proteids. Thus, an investi- 
gation of the physiological action of the immediate precursors 
of antipeptone has seemed especially desirable in view of the 
discordant observations of previous investigators with this 
* Heidenhain, Archiv f. d. ges. Physiol., 1891, xlix, p. 209. 
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product and also in view of the peculiar significance which is 
attached to this substance through recent chemico-physiological 
research.* Furthermore, we have been impressed with the 
importance of having true antipeptone for experiment, and 
consequently, we have employed pure antialbumid as the 
mother substance from which to prepare the antipeptone. 
Following is a list of the substances studied, all of which were 
prepared with great care according to the methods detailed in 
the second part of this paper. 

Antialbumid (A), formed from coagulated egg-albumin by the 
action of dilute sulphuric acid at 100° C.^ and purified by 
digestion with pepsin-acid, etc. 

Antialbumosea (B), formed by the digestion of the above anti- 
albumid with gastric juice. 

ArUicUbumoaes (C), formed by the digestion of the above antial- 
bumid with pancreatic juice. 

Antipeptone (D), formed by the digestiou of antialbumid with 
pancreatic juice. 

AnticUbumid (E), a more insoluble form, separating from an al- 
kaline solution of the above antialbumid when subjected to 
pancreatic digestion. 

Antialbumid (F), prepared from crystallized edestin by the action 
of dilute sulphuric acid. 

Semialbumoaes (G), formed from coagulated egg-albumin by 
dilute sulphuric acid. 

Het^odlbumoae (H), formed in a similar manner. 

Hemipeptone (I), formed by the same method as the hemial- 
bumoses. 

ProtogeUxtoae (J), formed from pure gelatin by gastric digestion. 

Deuterogelatoae (K), formed by pancreatic digestion. 

Oelatin-peptone (L), formed by pancreatic digestion. 

Albumoae-like body (M), formed from coagulated egg-albumin by 
the action of dilute sulphuric acid at 100° G. 

Infliienoe on blood-presBare. — The first more comprehensive 
and systematic study of the physiological action of proteoses 
and peptone individually was made by Grosjean.f This 

* Siegfried et al. 

t Grosjean, Archiyes de biologie, 1892, zii. This paper contains refer* 
ences to the earlier literature. 
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investigator prepared the several products from blood-fibrin by 
artificial gastric digestion, using the methods of Ktihne and 
Chittenden in isolating and purifying the mixed proteoses and 
peptone. Two products only were prepared, L e., " propep- 
tone," a varying mixture of primary and secondaiy proteoses, 
and "peptone" or amphopeptone. These products were 
introduced intravenously into the circulation of dogs and 
other animals, and arterial blood-pressure registered. Grosjean 
concluded from his experiments that " propeptone " introduced 
into the circulation causes a considerable fall of arterial 
pressure, the depression occurring at once after the injection 
and quickly reaching its maximum. Further, the extent to 
which arterial pressure is lowered is apparently not influenced 
by the size of the dose, except when the latter amounts to less 
than 15 centigrams per kilo of body-weight, in which case the 
depression is much less marked. Moreover, as a rule, the 
pressure once lowered is very slow in returning to the normal. 
Thus, in one experiment where 1 gram of " propeptone " per 
kilo was injected, arterial pressure was still below the normal 
three and a half hours after the injection. With peptone, 
there is likewise produced a faU of arterial pressure which, 
however, is less marked, slower in reaching its maximum, and 
of shorter duration than that caused by like doses of " pro- 
peptone." Further, when the pressure returns toward the 
normal it frequently rises slightly above the original height, 
after which it again faUs, although this second depression is 
slight as compared with the first. 

Arthus and Huber* working with gelatoses and caseoses 
formed by pancreatic digestion, observed that when these 
bodies were introduced intravenously into dogs in large doses 
(2 grams gelatoses per kilo; 1.5 grams caseoses per kilo), 
and the injections carried out rapidly, there was a marked 
lowering of blood-pressure comparable to that obtained with 
the fibrin proteoses. Here, too, no attempt was made to 
differentiate the mixed caseoses or gelatoses into more specific 
products. 

* Arthus and Huber, Archires de chysiologie, 1896, p. 857. 
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In a recent paper from this laboratory * attention was called 
to the action of deuteroalbumose and peptone obtained by the 
proteolysis of egg-albumin with papain. The experiments 
showed an immediate lowering of blood-pressure when these 
products, in doses of 0.5 gram per kilo of body-weight, were 
injected into the circulation^ the pressure, however, soon 
returning to the normal. 

Thompson f has investigated the specific action of Witte's 
"pepton" on the vasomotor system, and more recently this 
study has been extended | to include the action of pure peptone, 
antipeptone, and deuteroalbumose, although the details of 
these latter experiments have not yet been published. The 
results obtained agree in a general way with those already 
recorded by Grosjean. They indicate, however, that smaller 
doses of these products than has generally been supposed, 
suffice to produce physiological effects. It is furthermore 
definitely shown that lowering of arterial pressure is due to a 
vascular dilatation as the result of a peripheral or local action 
on the blood-vessels. No central nervous influences could be 
demonstrated. This vasomotor action is not confined to the 
splanchnic area, but is common to all the blood-vessels, and is 
exercised prestunably upon the endings of the vasomotor 
nerves and on the muscles of the blood-vessels, — the decreased 
irritability of the neuro-muscular apparatus making the latter 
incapable of responding to the normal vaso-constrictor 
impulses. In addition, it is to be noted that Thompson 
observed that deuteroproteose produced a far more profound 
and enduring influence on arterial pressure than pure peptone, 
but less so ^an the same dose of Witte's " pepton." Hence, 
deuteroproteose cannot be regarded as the most potent con- 
stituent of Witte's " pepton," a statement which agrees with 
Pollitzer's§ observations. Lastly, in agreement with other 

* Chittenden, Mendel, and McDermott, Amer. Jour. PhyeioL, 1806, i, p. 26& 

t Thompson, Journal of Physiology, 1896, xx, p. 465. 

I Thompson, Interim report of a committee consisting of Professors 
Sch&fer, Sherrington, Boyce, and Thompson. Report by the Secretary of the 
British Association for the Advancement of Science, 1806-07. 

§ PoUltrer, Journal of Physiology, 1886, yii, p. 288. 
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workers (PoUitzer, Spiro, and EUinger*) Thompson found 
that antipeptone contrasts very noticeably with the other pro- 
ducts of proteid digestion studied in its action on blood- 
pressure. The fall of pressure produced was temporary at 
most. 

Our experiments on blood-pressure, the results of which are 
simimarized in the following table, indicate that antialbumid, 
a product whose physiological action has not heretofore been 
investigated, agrees with the antipeptone derived from it in 
producing comparatively slight effects on mean arterial pres- 
sure. In like doses, however, antialbumid is somewhat more 
vigorous in action than antipeptone. Further, it is evident 
that antipeptone derived from antialbumid produces essentially 
the same results as antipeptone formed by the direct action of 
pancreatic juice on a natural proteid. Antialbumoses, on the 
other hand, act most energetically in lowering blood-pressure. 
In no case was a return of mean arterial pressure to the normal 
observed within an hour after injection of the various albu- 
moses studied. The same was true of the hemialbumoses. 
Thealbumoses of different origin act qualitatively and quanti- 
tatively alike in great degree, heteroalbumose being apparently 
most vigorous in its effects. This corresponds with the obser- 
vations of Pollitzer,t and we are inclined to attribute the 
pronounced effects produced by Witte's " pepton " to the con- 
siderable admixture of heteroproteose, which it has repeatedly 
been shown to contain. J 

Our experiments with hemipeptone agree with the results 
obtained by Grosjean and later by Thompson with amphopep- 
tone isolated by Kuhne's method. Further, between hemipep- 
tone and antipeptone there is little or no difference of action 
when like amounts of substance are employed. It is interest- 
ing, however, to contrast the action of equal doses of hemi- 
peptone (XIX-XX) with that of the hemialbumoses (V) from 
the same source. It is only with doses of 1.0 gram of hemi- 

« Spiro and EUinger, Zeitschr. f. phyeiol. Ghem., 1897, xxiii, p. 136. 

t Pollitzer, loc. cit. 

X Kiihne and Chittenden, Zeitsclir. f. Biologie, 1884, xx, p. 15. 
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TABLE. SHOWING EFFECTS UPON ARTERIAL PRESSURE, 
MEASURED IN MILLIMETERS OF MERCURY. 



I. 
II. 

in. 

IV. 

V. 

VL 

VIL 

VIIL 

IX. 

X. 

XL 

XIL 

XIIL 

XIV. 

XV. 

XVL 

XVIL 

xvin. 

XXXL 

XIX. 

XX. 

XXI. 

XXII. 

XXIIL 

XXIV. 

XXV. 

XXVL 

XXVIL 

XXVIII. 

XXIX. 

XXX. 



8.8 
6.2 

11.8 
6.0 

18.0 
7.5 
9.8 
7.0 
6.0 
5.4 
7.6 

14.0 

30.0 
8.4 
6.8 
9.0 
6.5 
9.0 
4.5 

11.2 
6.5 

13.5 
6.4 
5.0 
5.0 
4.2 
6.0 

21.0 
7.0 



0.30 
0.30 
0.80 
0.30 
0.30 
0.18 
0.20 
0.30 
0.80 
0.80 
0.14 
0.15 
0.03 
0.17 
0.07 
0.30 
0.80 
0.30 
0.45 
0.80 
0.80 
0.50 
1.00 
0.30 
1.50 
0.80 
0.60 
0.85 
0.50 



15.0 0.70 
6.5.1.00 



Katun of the Babfltenoe 
Employed. 



Antialbumoses (B) 
II i< 

AntialbumoBes (C) 
«i <i 

Hemialbumoses (6) 
Ueteroalbumose (H) 

<l <4 

Antialbumid « (A) . 



Antialbumid (F) 
Antipeptone (D) 



Hemipeptone (I) . 



Albumose-like body (M) 

Protogelatose (J) 

Gelatin-peptoDe (L) 
It It 

Deuterogelatose (K) 



180 

85 
140 
180 
170 
160 
115 

80 
150 
130 
150 
140 

65 
140 

95 
170 

90 
110 
120 
125 
125 
130 
115 
110 
140 
100 
105 
115 
120 
130 
135 



90 
45 
80 
35 
65 

185 
75 
20 
80 
70 
55 
90 
30 

140 
95 

160 
40 
60 
55 
20 
60 
40 
50 
40 
55 
76 
40 

115 
50 
60 
85 



40 
30 
30 

'40 
30 
80 
45 
40 

125 
40 

135 
20 

140 
85 

160 
80 

135 
70 

120 

110 
85 
20 
20 

185 

100 
60 

115 
95 

120 
65 



45 
85 
80 
105 
88 
20 

90 
115 
150 
115 
130 

45 
140 
110 
190 

90 
145 
140 
105 
130 
180 

45 

50 
160 

95 
115 
120 
115 
150 
125 



50 

50 

45 

125 

50 

30 

75 

90 

125 

145 

125 



60 
140 
100 
170 

90 
150 
140 

130 
120 
60 
110 
185 
100 
120 
120 
1 

150 
140 



150 
140 



65 



180 
146 

no 

110 



100 
115 
120 
120 



120 



185 
150 



80 
14*5 



110 
45 



peptone per kilo that a prolonged fall of pressure is obtainable, 
and even with this quantity the pressure again resumes its 
normal within an hour. These facts seemingly suggest more 
or less pronounced difference in the chemical structure of the 
proteose and peptone molecules, — a point which we have taken 
occasion to emphasize in other connections, f 

* All of the samples of antialbumid were dissolved by the aid of a little 
dilute ammonia except in Experiment XIV, where dilute sodium carbonate 
was used. 

t Chittenden and Mendel, Journal of Physiology, 1894, xvii, p. 78. Chit- 
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The experiments with protogelatose and deuterogelatose in 
agreement with the observations of Arthus and Huber, fail to 
show any such marked influence as is obtained with the corre- 
sponding albumoses. True gelatin-peptone, on the other hand, 
approaches hemipeptone and antipeptone in the intensity of its 
action. The great difference which the albuminoid products 
show, quantitatively at least, in contrast with the derivatives 
of the native proteids serves to emphasize the other striking 
differences between gelatin and true proteids as regards physio- 
logical equivalence.* 

Lastly, attention is directed to the slight initial rise in pres- 
sure immediately succeeding the injection of the various sub- 
stances into the circulation as shown in the tracings. This 
rise, which is undoubtedly due to the rapid entrance of the 
fluid into the vascular system,! gives evidence of the rapidity 
with which the injections were carried out. This fact is not 
without significance, since the variation in effects of intraven- 
ous injections of proteoses ha^ been demonstrated (cf. Thomp- 
son) to be dependent in part on the rapidity of the injections. 
It seems reasonable, therefore, to assume that the intensity of 
vasomotor effects is not so much a function directly of the 
absolute quantity injected as of the quantity in the circular 
tion per unit of time, or, in other words, of the concentration 
of the substance in the blood. 

The accompanying blood-pressure tracings have been 
selected from typical experiments. They were recorded with 
a mercurial manometer, as already described. The time is 
recorded in seconds, and the line of zero pressure is likewise 
recorded. The curves all read from right to left, and only 
such portions have been reproduced here as furnish evidence 
of the observations discussed in the preceding pages. 

tenden, Digestive Proteolysis, 1894, p. 42. Also recent papers from Hof- 
meister's laboratory. Zeitschr. f. phjsiol. Chem., 1897-08. 

« Cf . L Miink, Archly f. d. ges. Physiol., 1894, lyiii, p. 809. Also Mendel 
and Jackson, Amer. Jour. PhysioL, 1898, voL ii, p. 21. 

t Cf. Thompson, Journal of Physiology, 1896, zx, p. 456. 
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ExpBBiMBKT IV. 6 kilo doff. Injection of Antialbumoses (C). 0.3 gram per kilq. 
One fourth the original aise. 
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ExpBRiMEKT VI. 7.5 kilo dog. Injection of Heteroalbumose (H). 0.18 gram 
per kilo. (Cf. tracing Exper. XXIX 6.) One eighth the original size. 
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ExPEBiMBXT IX. 6 kilo dog. Injection of Antialbnmid (A). 0.2 gram per 
kilo. One eighth the original size. 
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ExFSXiMBNT XVIII. 9 kilo dog. Injection of Antipeptone (D). 0.8 gram 
per kilo. One eightli the original size. 
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EzFBBiMENT XXI. 13.5 kilo dog. Cannula in thoracic duct. Injection of 
Hemipeptone (I). 0.5 gram per kilo. One eighth the original size. 
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ExFBBiHSKT XXIV. 5 kilo dog. Injection of Protogelatose (J). 1.6 grams 
per kilo. One eighth the original size. 
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EzpfisiMEKT XXVI. 6 kilo dog. Injection of Gelatinpeptone (L). 0.6 gram 
per kilo. One eighth the original size. 
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ExPERiMKNT XXIX a. 16 kilo dog. Injection of Deuterogelatose (K) 
0.7 gram per kilo, preceding injection of heteroalbumose. (Cf. tracing 
Ezper. XXIX 6.) One eighth the original size. 
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Experiment XXIX &. 15 kilo dog. Cannula in thoracic duct. Injection 
of Heteroalbumose (H). 0.1 gram per kilo after previous injection of 
10.6 grams deuterogelatose (K). (Cf. tracing of Ezper. VL) One eighth 
the original size. 



Digitized by VjOOQIC 



292 A CHEMICO-PHYSIOLOGICAL STUDY OF 

Inflnenoe on blood coagulation. — The older literature on the 
influence of so-called " peptone " on blood coagulation is too 
familiar to physiologists to require detailed consideration here. 
Briefly stated, the researches * made have demonstrated (a) 
that "peptone" does not of itself possess any clot-preventing 
power, i. «., the action is an indirect one; and (5) that 
accordingly the clot-preventing power must be attributed to 
some substance formed within the organism and possessing 
a peculiar influence on the blood. Furthermore, it seems 
probable that the peculiar substance is not a transformation 
product of the "peptone" itself, but is rather a result of 
other changes taking place in the body.f More recently, 
through the researches of Contejean4 Gley, and Pachon,§ and 
especially through the researches of Delezenne,|| the seat of 
formation of the anti-coagulating substance has been dele- 
gated to the liver, and the important r6le which the leucocytes 
play in this action has been demonstrated by Delezenne 
(1898). The explanation formulated at present is as follows : 
It has long been known that the intravenous injection of 
" peptone " leads to a pronounced disintegration of leucocytes. 
Delezenne assumes that this process is accompanied by the 
liberation of two classes of products, the one accelerating and 
the other inhibiting blood coagulation. As types of such 
bodies, the researches of Lilienfeld IT and others have indicated 
nucleoproteids, which give rise to intravascular clotting, and 
histon, a peculiar peptone-like body occurring in leucocytes in 
the compound nucleo-histon. When these two classes of com- 
pounds (clot-retarding and clot-accelerating substances) are 

* Schmidt-Mulheim, Archiv f. Physiol. 1880, p. 30; Fano, ftid., 1881, 
p. 277; PoUitzer, Journal of Physiology, 1886, vii, p. 283; Campbell, Studies 
from the Biological Laboratory, Johns Hopkins University, 1887, It, p. 1; 
Grosjean, Archives de biologie, 1892, xii ; Ledoux, Ibid., 1896, xiv, p. 63. 

t Cf . Campbell, loc. cit. 

X Contejean, Archives de physiologie, 1896. 

§ Gley and others, Ibid. It is to be noted, however, that Starling (Journal 
of Physiology, 1896, xix, p. 16) has not been able to confirm part of these 
experiments. 

II Delezenne, Archives de physiologie, 1897, p. 646; 1898, p. 508. 

t Lilienfeld, Zeitschr. f . physiol. Chem. 1896, xx, p. 89. 

OF THr: ^ 
Of 
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formed incidental to the breaking down of the leucocytes, 
the liver in its protective rOle preserves the organism from 
destruction through intravascular clotting by combining with 
the clot-accelerating substance. A condition thus results in 
which the blood loses completely or partially its power of 
coagulating on withdrawal from the vessels. The relative 
rOle of liver and leucocytes is demonstrated by the fact that 
if a solution of peptone is passed through an excised dog's 
liver a fluid results which readily produces " peptone " effects 
when injected into the circulation of a dog. If, however, the 
liver is previously freed from blood by lavage through the 
vessels no clot-retarding fluid can be obtained in the manner 
described. Delezenne's theory therefore implies the existence 
of two substances antagonistic in their influence on blood 
coagulation, — a condition which Spiro and Ellinger* had 
previously regarded as probable. These latter investigators 
observed that the injection of acids or of antipeptone over- 
comes the clot-retarding power of albumoses, while Dastre 
and Floresco f had previously called attention to the increased 
alkalinity of "peptone plasma'* and the influence of neutral- 
ization in inducing coagulation. Lastly, there is evidence 
that so-called " peptone " may under some conditions hasten 
the coagulation of the blood. Thus, Thompson J has pointed 
out that with doses of Witte's " pepton " above 2 centigrams 
per kilo coagulation is retarded. With doses from 7 milligrams 
to 2 centigrams per kilo coagulation may be considerably 
accelerated. 

Our experiments on this subject were intended to throw 
light not so much upon the direct mechanism by which the 
variations in clotting power are produced, as upon the rela- 
tive effectiveness of various proteid and albuminoid products. 
A large number of substances, for the most part extracts of 
various animal tissues or organs, are known to have the power 

* Spiro and EUinger, Zeitschr. f. phygioL Chem., 1897, xxiii, p. 121. 
t Dastre and Floresco, Archives de physiologie, 1807, p. 216. Also Flo- 
resco, Ibid., 1807, p. 777. 

X Thompson, Journal of Physiology, 1896, xx, p. 456. 
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of retarding blood coagulation either in vivo or in vitro^ or both. 
Grosjean observed that the proteoses from blood-fibrin retard or 
even prevent coagulation indefinitely. This action is not pro- 
duced in vitro.* True peptone, he found, never acts as vigor* 
ously as the proteoses, and confines its influence to a temporary 
retardation. In either case the lack of coagulation is very 
rapidly manifested. Thompson f has recorded similar results 
with purified peptone. Deuteroproteose gave him inconstant 
results, while antipeptone hastened blood coagulation, in con- 
formity with the observations of Spiro and EUinger.J Arthus 
and Huber § have found that much larger doses of gelatoses 
(2 grams) and caseoses (1.5 grams) per kilo are necessary than 
in the case of fibrin-proteoses to bring about an absence of 
coagulation. Lastly, a few experiments have been reported 
on the action of the albumoses and peptone formed by papain 
digestion. || 

The accompanying table, giving the results of our own 
experiments, shows the time required for the complete coagu- 
lation of 2 c.c. blood withdrawn from tlie femoral or carotid 
artery at various intervals, expressed in minutes or hours. 
The normal clotting-time given is in every case the average of 
two or more observations previous to the injection of the 
substance under investigation. 

The data presented show (1) That in doses of 3 decigrams 
per kilo of body-weight the albumoses, both hemi and anti, 
irrespective of the mode of formation, immediately cause sus- 
pension of coagulation for at least twenty-four hours, even 
in blood withdrawn one or two hours after the injection. 
(Exper. I-VII.) 

(2) Antialbumid produces retardation of clotting, the 
effect being far less marked than in the case of even smaller 
doses of albumoses, and furthermore requiring some time to 

• Cf. Campbell. 

t Thompson, Report of Secretary, loc. cit. 

t Spiro and Ellinger, Zeitachr. f. physiol. Chem., 1897, xxiii, p. 121. See 
also the older experiments of Pollitzer and of Fano with tryptone. 
§ Arthus and Huber, Archives de physiologie, 1806, p. 866. 
ii Chittenden, Mendel, and McDermott, Amer. Jour. FhysioL, 1808, i, p. 266. 
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TABLE SHOWING EFFECTS UPON THE COAGULATION OF 
THE BLOOD.* 
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reach its maximum effect, the results varying in proportion 
to the dose employed. (Exper. VIII-XV.J) 

* The flgnrea in tbo table denote the number of niinntes before coagula- 
tion, except when followed by h, when they denote hours. AU samples 
marked — were still fluid after 24 hours. 

t The lack of any noticeable action upon the time of coagulation in these 
two experiments is due to the fact that the lymph was withdrawn through a 
cannula in the thoracic duct. See under lymph-formation for explanation. 

X With antialbumid (E) i. «., a more insoluble form of the substance separ- 
ating as a gelatinous coagulum when antialbumid (A) was subjected to pan- 
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(8) Both hemi- and antipeptone when introduced into the 
circulation in doses up to 0.5 gram per kilo cause no retarda- 
tion or even acceleration of coagulation. Larger doses of 
hemipeptone * (1 gram per kilo), however, act more like 
the albumoses. (Exper. XXII.) 

(4) Protogelatose, as formed by gastric digestion, tends to 
hasten coagulation even when introduced in large doses, f 
Large doses of deuterogelatose retard coagulation quite notice- 
ably, our results agreeing in a general way with the observa- 
tions made by Arthus and Huber J with mixed gelatoses and 
gelatin-peptone. § True gelatin-peptone entirely free from 
gelatoses tends to accelerate slightly the coagulation of the 
blood. 

Independence of arterial pressure and coagnlation phenomena. 
— The results of the present experiments lend weight to the 
view that the characteristic fall of arterial pressure and the 
accompanying lack of coagulability are entirely independent 
phenomena. The former is doubtless due to a direct and 

creatic digestion, some peculiar results were obtained which are not Included 
in our table. Thus, in one experiment a dog weighing 6.2 kilos receiyed an 
injection of 25 c.c. of a solution of this antialbumid in weak ammonia (con- 
taining 0.29 gram of the dry antialbumid). Three blood samples taken before 
the injection clotted in two minutes, and arterial pressure stood at 90 mm. of 
mercury. One minute after the injection blood-pressure fell to 10 mm. and 
two minutes later the animal was dead. The heart and larger blood vessels 
were opened and the blood was found to be clotted solid. A like result was 
obtained with another dog of the same body-weight, by using a somewhat 
larger dose of the antialbumid, namely 0.58 gram. In a third experiment, 
with a dog of 13.6 kilos, using 0.35 gram of antialbumid as the total amount 
injected, there was a marked fall of arterial pressure, but no effect on blood 
coagulation. Lastly, with a fourth dog of 16 kilos having a cannula in the 
thoracic duct, the injection of the antialbumid (0.20 gram in 25 c.c. fluid) led 
to a fall of arterial pressure, a retardation of 10-12 minutes in the coagula- 
tion of the blood, a cessation of the flow of urine from the kidneys, with a 
small increase in the flow of lymph. 

* Cf. the experiments on papain-peptone by Chittenden, Mendel, and 
McDermott, Amer. Jour. Physiol. 1898, i, p. 271. 

t Cf. Dastre and Floresco, Archives de physiologic, 1896, p. 402; also 
Floresco, Ibid.. 1897, p. 777. 

t Arthus and Huber, Archives de physiologic, 1896, p. 857. 

§ With reference to the peculiar results obtained in Exper. XXXI see the 
section on lymph. 
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immediate action of the peptones and proteoses on the neuro- 
muscular apparatus of the vessels, while the latter phenomenon 
stands in no causal relation to the arterial fall. Thus we have 
observed in many experiments an entire absence of diminished 
coagulability, notwithstanding a pronounced fall in pressure. 
(Cf. experiments on peptone, gelatoses, and gelatin-peptone.)* 
Ledoux t has arrived at a similar conclusion, and Thompson J 
has found that a dose of Witte's " pepton " entirely insufficient 
to retard coagulation may still lower blood-pressure, — as 
Fano § had previously found to be the case in general with 
acid-albumin. Finally, Dastre and Floresco || have quite re- 
cently demonstrated that intravenous injections of bile may 
entirely prevent the action of proteoses on blood coagulation 
without interfering with the fall of arterial pressure. 

Immunity. — Since the experiments of Schmidt-Miilheim If 
and more particularly of Fano,** it has been known that an 
intravenous injection of so-called "peptone" (propeptones) 
which suffices to render the blood non-coagulable for a time 
apparently confers upon the animal a degree of immunity 
against subsequent injections of the " peptone." For example, 
if after the return of normal coagulability to the blood a 
second injection of albumoses is made, the latter now fails to 
deprive the blood of its ordinary extravascular clotting power. 
Furthermore, Fano demonstrated that an injection of tryptone 
(antipeptone from pancreatic digestion) which is without 
influence on the coagulation of the blood, nevertheless may 
render the dog immune against subsequent injections of albu- 
mose-peptone. Spiro and Ellinger f f have likewise found that 
injection of anti-peptone has an antagonistic influence on the 
action of Witte's " pepton " on blood coagulation. Grosjean J J 

* See also Arthns and Hnber, loc. cit., p. 861. 
t Ledoux, Archives de biologie, 1896, xiv, p. 63. 
X Thompson, Journal of Physiology, 1896, xx. 
§ Fano, Archir f. Physiol., 1881, p. 277. 

II Dastre and Floresco, Comptes rendus de la soc. de biologie, 1896, p. 468. 
IT Schmidt-Miilheim, Archiv f. Physiol., 1880, p. 30. 
** Fano, Archives ital. de biologie, 1882, ii, p. 146. 
ft Spiro and Ellinger, Zeltschr. f . physiol. Chem., 1897, xxiii, p. 137. 
II Grosjean, Archives de biologie, 1892, xiL 



Digitized by VjOOQIC 



298 A CHEMICO-PHYSIOLOGICAL STUDY OF 

in his comparative study of the physiological action of pro- 
peptone and peptone reached the following conclusions: A 
second injection of propeptone is without effect on blood co- 
agulation if it be carried out on an animal (dog) in which the 
effect of a previous injection has just disappeared. This is 
true, says Grosjean, even when the second injection is made 
with a large dose of the propeptone. The immunity acquired 
persists, for the most part, about twenty-four hours after the 
primary return of coagulabihty, when the blood again becomes 
coagulable ; the time of coagulation not only returns to the 
normal but may even be shortened. With reference to purified 
peptone Grosjean concludes that the injection of this substance 
may likewise confer immimity against subsequent injections 
of both peptone and propeptone. 

Gley and Le Bas * have also carried out a series of experi- 
ments on the behavior of the blood with reference to its 
coagulability after repeated injections of Witte's "pepton." 
As a result of their systematic study on a large number of 
dogs they conclude that in general the period of time during 
which the blood remains non-coagulable after a rapid injection 
of proteoses increases with the dose of proteoses employed 
per kilo of body-weight. Furthermore, the length of time 
during which immimity to subsequent injections persists also 
increases with the original dose. Thus, absolute immimity 
persists after return of the blood to its normal coagulability, 
about fifteen minutes for 0.01 gram per kilo, and about five 
hours for a dose of 0.3 gram per kilo.f The investigations of 
Gley and Le Bas thus fail to confirm current statements, 
namely, that a preliminary injection of proteoses may confer 
immunity for twenty-four hours toward subsequent injections. 

Arthus and Huber J observed that preliminary injections of 
gelatoses and caseoses were effective in preventing the anti- 
coagulating effect of subsequent large doses of the same 

* Gley and Le Baa: Archiyes de phyBiologie, *1897, p. 848. The experi- 
ments of Contejean (n)id., 1805) are not referred to above since they haye 
only an indirect bearing on this subject 

t Gley and Le Bas, ioc. eit, p. 800. 

X Arthus and Huber, Archives de physiologie, 1806, p. 867. 
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substance. A second fall of blood-pressure, however, was not 
prevented, Grosjean has pointed out that successive doses of 
both proteoses and peptones produce successively a less marked 
fall of arterial pressure, and a second or third injection may 
even be without effect on this function, — a condition attributed 
to a degree of immunity acquired by the preliminary injection. 
It is to be noted, however, that in Grosjean's experiments the 
injections were undertaken at relatively brief intervals. 

In the preceding table are presented protocols from a few 
of our own experiments bearing on the problem of peptone- 
immunity. The data presented are somewhat incomplete and 
fragmentary, still a few facts are clearly demonstrated. Thus 
it is seen that the injection of active proteoses, such as pure 
heteroalbumose or the mixed proteoses present in Witte's 
" pepton," within an hour or two after injection of the sub- 
stances enumerated in the table fails to develop the character- 
istic clot-preventing power of the blood. There is to be sure 
some slight retardation of coagulation, thus indicating that 
the so-called immunity is by no means complete; but the 
effect produced by tlie later injections is very slight indeed 
as compared with the ordinary action of these products. 
Experiments XX, XXII, XXIX, XV, and I, afford evidence 
of the truth of this assertion. In other cases, as in Experi- 
ments XVI and XXVI, the immunizing effect is manifested 
by a delay in the appearance of retarded coagulation. Thus 
in the two experiments just referred to, a considerable period 
elapsed before the blood withdrawn from the vessels assumed 
the characteristics of " peptone-blood." It would almost 
seem as if the results indicated a deficiency of the clot>-pre- 
venting substances in the body after the preliminary injection, 
and that the latter are only %lowly produced under the influ- 
ence of the second injection. 

With reference to the effects of a second injection of pro- 
teoses on arterial pressure our results clearly show that mean 
arterial pressure is lowered somewhat by the second injection, 
.thus indicating that immunity in this direction is by no means 
complete. That the first injection, however, does give rise 
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to some degree of immunity is clearly shown by the feet that 
the second fall of pressure is noticeably less than the first 
one, and by the fact that the return of pressure to the normal 
follows somewhat more rapidly than after the first injection. 
Our results thus confirm, in part, Grosjean's observations, 
and extend them by demonstrating that the immunity ac- 
quired is by no means characteristic of specific products 
injected^ but rather due to a specific reaction produced in 
each case within the organism itself. Delezenne* has ar- 
rived at a similar conclusion from quite different observations. 
Lastly, Dastre and Floresco f have recently shown that the 
power of conferring immunity to "peptone" injections is 
common to a large number of substances, t. e., urine, bile, 
salts of iron, calcium chloride, etc. 

Influence on lymph-flow, etc. — Since Heidenhain's { mas- 
terly researches on the action of lymphagogues there has 
been, so far as we recall, no attempt to compare the lympha- 
gogic action of the individual proteoses and peptones. It is 
well known that various substances which prevent clotting of 
the blood simultaneously increase the flow of Ijrmph from the 
thoracic duct ; the substances studied, however, have been for 
the most part merely extracts of various organs and tissues 
(leech-extract, extracts of crayfish and mussels). A system- 
atic study of the active constituents of these extracts would 
be of great interest. 

The following table contains the results of several of our 
experiments on the action of certain specific proteid and al- 
buminoid derivatives on the flow and composition of the 
lymph. All the animals experimented on were dogs, and 
were deprived of food for 24-36 hours prior to the experiment. 

The results of our experiments justify the following 
conclusions : 

(1) Antialbumid, hemipeptone, heteroalbumose, and deu- 
terogelatose may act as true lymphagogues. This is demon- 

* Delezenne, Archives de phjsiologie, 1897, pp. 657-669. 

t Dastre and Floresco, Comptes rendus de la Soc. de Biologie, 1898. n. 457. 

X Heidenhain, Archiv f. d. ges. Physiol., 1891, xlix, p. 216. 



Digitized by VjOOQIC 



802 



A CHEMICO'PHYSIOLOGICAL STUDY OF 



Urine Flow 
inaOmin. 



• OO 



g 



OO * pop g 



Arterial 
PreMnre. 



Clotting Time 
of Blood. 



Clotting Time 
of Lymph. 



Aahof 
I^rmph. 



Total Sollda 
of Lymph. 



W, 



Flow 






•i '^IS'^ 0000"^ 



O4C9HN0O<^94 



|g— SS-" I SSS288 g 



I 



Soo I ooS I I 
do do 



dd dd 



|SSS!;8S I 

u Tj«cdd "^lo-^* 



U3»0'<«l «ot«cO 



^ cioo tooo «o 

2^"dco"^t>^»rf d 
* t-i 1-1 fiN 



F O 0^ 



s lis 







e 
o 

I 



o 



s 
e 

I 



6 

a 



s 



s 

s 

a 



Digitized by VjOOQIC 



CERTAIN DERIVATIVES OF THE PROTEIDS. 808 

strated not only by the marked increase produced in the flow 
of lymph from the thoracic duct, but likewise by the charac- 
teristic changes resulting in the composition of the fluid, 
namely, increase in total solids, the ash-content remaining 
constant* In every case where an increased flow of lymph 
occurred, the fluid grew slightly reddish in color and its clot- 
ting was markedly delayed, — two phenomena characteristic 
of " lymphagogic " lymph. 

(2) In every case where the lymph was thus diverted from 
the general circulation the clotting time of the blood was only 
slightly, if at all affected by the injection, while the coagula- 
bility of the lymph was delayed. This agrees with the ob- 
servations of Gley and Pachon,t who announced that the 
ligature of the lymphatics of the liver prevents the ordinary 
clot-retarding action of albumose injections in dogs ; and with 
the observations of Spiro and Ellinger, similar to our own, 
on dogs with the thoracic duct cannulized.:^ In other words, 
the observations lend &vor to the view that the anti-clotting 
substance is formed in the liver and reaches the blood mainly 
through the lymph. 

(3) A second injection gives rise to a marked renewal of 
lymph-flow, independent of any action on blood coagulation. 
The two Experiments XXI and XXIX do not, however, per- 
mit the immediate conclusion that the lymphagogic action 
and clot-preventing phenomena are entirely independent,§ 
inasmuch as the diversion of the lymph from the circulation 
may prevent the anti-coagulating substance from reaching 
the blood. II Since some dogs are naturally immune to albu- 

* Of. Heidenhain, loc. cit. 

t Glej and Pachon, CompteB rendns de i'Acad. des Sciences, 1805, p. 883 ; 
Archiyes de Phjeiolojcie, 1805, p. 711; Comptes rendus de la Soc. de Biologie, 
1805, p. 741 ; n)id., 1807. Cf. also Starling, Jonrnal of Physiology, 1805, zlz, 
p. 15 ; Delezenne, Archives de Physiologic, 1806, p. 657. 

I Spiro and Ellinger, Zeitschr. f. physiol. Chem., 1807, xxiii, p. 135. 

§ Cf. Starling, Journal of Physiology, 1808, xiy, p. 140; also Gley and 
Pachon, Archives de Physiologic, 1807, p. 861. 

II Asher and Barbara (Zeitschr. f. Biologic, 1808, xxxri, p. 164) have put 
forward the opinion that lymphagognes are substances which stimulate the 
actiyity of various organs and especially glands. In agreement with this 
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mose injections, no far-reaching conclusions can be drawn 
from the data at hand. 

(4) Ordinary doses of deuterogelatose (0.3 gram per kilo) 
give rise to no marked lymphagogic action, large amounts 
being required to produce characteristic effects. This corre- 
sponds with the other observations made on the physiological 
action of this substance. With heteroalbumose, lymphagogic 
action is as strongly marked as the action on blood coagula- 
tion and arterial pressure akeady noted. 

(6) Previous injection of hemipeptone or deuterogelatose 
is entirely without influence on the lymphagogic action of 
heteroalbumose; the latter producing a marked increase in 
the flow of lymph when injected a short time after the action 
of the primary substances has ceased. 

Inflnenoe on the flow of nrine, etc. — In conformity with 
previous observations, our results, shown in the following 
table, lead to the conclusion that the albxmioses, owing to 
their marked influence in lowering blood-pressure, tend to 
cause a complete cessation of the flow of urine. With hetero- 
albumose, however, the results seemingly justify a somewhat 
different conclusion. Thus, in three experiments (XXI, 
XXIV, and XXIX), some hours after the animals had re- 
ceived injections of substances which act as diuretics and 
lymphagogues, an injection of heteroalbxmiose was given. 
This resulted in a complete stoppage of the flow of urine ; 
not a drop of urine was obtained within the half hour or 
more after this injection, although the fall of arterial pressure 
was comparatively slight and transitory. Hence, it follows 
that heteroalbxmiose, unlike the other albumoses, must exert 
some influence upon the action of the kidneys independent 
of blood-pressure; possibly, a specific influence upon the 
secretory activity of the epithelial cells. In any event hetero- 
albumose may check the formation of urine even when 
arterial pressure is not materially affected. On the other 

yiew thej find that "peptone" is an active " cholagocrne." Starling and 
others, however, have questioned this conclusion. See Proceedings of Fourth 
Intemationfil Physiological Congress. Centralbl. f. PhjsioL, 1808, xii. 
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hand, as already pointed out, heteroalbumose stimulates in 
marked degree the flow of lymph. (See preceding table on 
lymph-flow.) 

Antialbumid acts much like ordinary albumoses in checking 
the secretion of urine, but if comparison is made, by reference 
to the table showing arterial pressure, of the influence on renal 
secretion and mean arterial pressure, as in Experiments VIII, 
X, and XI, it will be seen that the inhibitory effect on the 
secretory action of the kidneys is considerably greater than 
would naturally be expected from the short period of dimin- 
ished arterial pressure. This fact obviously suggests a specific 
action on the part of antialbumid upon the kidneys independent 
of pressure. 

On the other hand, large doses of hemipeptone, protogelatose, 
and deuterogelatose have a marked diuretic effect, increasing 
not only the volume of urine secreted in a given time, but 
likewise the content of solid matter, as shown by the very 
decided increase in specific gravity.* Coincident with the 
diuresis it will be observed that mean arterial pressure is 
slightly raised under the influence of the substance. The 
marked rise in the specific gravity of the urine, noticed after 
the injections, is associated mainly with the rapid excretion of 
the substance thrown into the circulation. As has been pre- 
viously noted t in this connection, a primary proteose intro- 
duced into the blood is eliminated, in part at least as a secondary 
proteose. In other words, the primary body undergoes hydra- 
tion in the kidney J or elsewhere, and is excreted through the 
urine in slightly altered form. Thus, in Experiment XXIV 
with protogelatose not only was the rate of flow of the urine 
more than doubled, but the specific gravity rose from 1021 to 
1061. Examination of the urine showed the presence of a 
large amount of gelatose, but this was mainly deuterogelatose. 

* See Chittenden, Science, N. S. y, June 11, 1897, p. 902; also Thompson, 
Journal of Physiology (Proceed. Physiol. Soc), 1898, xxii, p. xi. 

t Neumeister, Zeitschr. f. Biologic, 1887, xxiv, p. 272; also Chitten- 
den, Mendel, and McDermott, Amer. Jour. Physiol., 1898, i, p. 266. 

I Neumeister, loc. cit. 

20 
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Further, on saturating the urine with ammonium sulphate 
under appropriate conditions for removal of aU the gelatoses, 
and testing the filtrate by the biuret test, a distinct reaction 
for true gelatin-peptone was obtained. Five and a half hours 
after the injection the urine still contained an appreciable 
amount of gelatose. After injection of deuterogelatose the 
urine was likewise found rich in gelatin-peptone, while some 
unaltered gelatose was also found. This excretion of gela- 
toses through the urine as gelatoses and gelatin-peptone was 
quite marked, and we were able to separate from such urines 
several grams of fairly 'pure gelatose, thus showing that the 
elimination through tJiis channel was not inconsiderable. If 
it is true, as suggested by Neumeister, that the hydration of 
a primary proteose to secondary proteose and the hydration 
of the latter to true peptone in these cases is due to the 
presence of pepsin in the kidneys acting in conjunction with 
acid temporarily present, then our results testify to the ex- 
treme vigor of such action, and indirectly suggest the pres- 
ence of considerable active enzyme. Whether this hydrolytic 
action is truly due to the presence of an enzyme our results 
afford no answer. In this connection it will be remembered 
that Hofmeister* observed that when amphopeptone was in- 
jected subcutaneously, four-fifths of the substance appeared in 
the urine unaltered. Neumeister f likewise noted that ampho- 
peptone was excreted as such through the urine. In a paper 
from this laboratory,^ however, attention was called to the 
fact that peptone formed through the action of papain was 
much less markedly eliminated through the urine than deutero- 
albxmiose ; this statement being based upon the much weaker 
biuret reaction given by the urine. In conformity with this 
observation we have noted in the present experiments with 
hemipeptone and gelatin-peptone that after the intravenous 
injection of these substances their presence in the urine could 

* Hofmeieter, Zeitschr. f. physiol. Chem., 1881, v, p. 131. 
t Neumeister, Zeitschr. f. Biologie, 1887, xxIy, p. 287. 
I Chittenden, Mendel, and McDermott, Amer. Jour. Physiol., 1808, i, 
p. 276. 
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not be detected by the biuret reaction. Whether this fact is 
to be taken as an indication of their excretion by the urine 
in the form of amido-acids, etc., formed through proteolytic 
action in the kidneys, or whether it is due to decomposition 
taking place elsewhere, or to a storing up within the body we 
cannot say. 



Observations on the Chemical Natueb and General 
Properties op the Proteid Cleavaqe Products 
used in the preceding experiments. 

Among the many earlier results obtained in the attempt to 
throw light upon the chemical nature of the proteid molecule 
those recorded by Schiitzenberger * were particularly sugges- 
tive, especially from a physiological standpoint. The break- 
ing down of the proteid molecule into two equal parts by the 
action of 8 to 5 per cent sulphuric acid at 100® C. naturally 
suggested the possible existence of two distinct groups in the 
motiier proteid, — a suggestion which was intensified by the 
observations of Kuhne f that these two cleavage or alteration 
products behaved quite dififerentiy toward alkaline pancreatic 
juice. Schiitzenberger through his hydrolysis of coagulated 
egg-albumin by dilute sulphuric acid obtained an insoluble 
residue equal to about 50 per cent of the original proteid, to 
which he gave the name of hemiprotein, while the 50 per cent 
of soluble matter was represented by a row of substances 
among which leucin, tyrosin, peptone, and albumoses (as now 
termed) were conspicuous. As Schiitzenberger pointed out, it 
was quite evident that these latter products resulting from 
this hydrolysis represented a half of the proteid molecule much 
less stable than that portion of the proteid from which the so- 
called hemiprotein was derived. This more readily decompos- 
able half of the proteid he considered as represented by a body 

« Schatzenberger, BnUetin de la Sod^t^ chimique de Paris, 1875, zxiii, and 

ZXIY. 

t Kahne, Verhandl. d. Naturhist-Med. Vereins zu Heidelberg, 1877, i, p. 
286; Kiihne and Chittenden, Zeitschr. f. Biologie, 1883, xlx, p. 169. 
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which he termed hemialbumin, and which by continued hydroly- 
sis gave rise to peptone and amido-acids. These conclusions 
were verified in part, and extended by Kuhne in his study of 
the action of the proteolytic enzymes upon these- two bodies, — 
t. e., hemiprotein and hemialbumin. The fonner was found to 
be slowly digestible by pepsin-hydrochloric acid, while by 
alkaline pancreatic juice it was eventually transformed in great 
part into a peptone without any trace of amido-acids being 
formed.* In other words, the substance was remarkably 
resistant to that secondary action of the pancreatic enzyme by 
which pancreatic proteolysis is especially characterized. On 
this account Kiihne suggested the name of antialbumid as 
more expressive of the general nature of the substance than 
the term hemiprotein, and by this name the substance has 
generally been known for the past twenty years. The so- 
called hemialbumin of Schiitzenberger was found by Kiihne to 
be readily digestible in artificial gastric juice, giving rise to 
peptone, while, by the action of pancreatic juice, leucin and 
tyrosin were formed in abundance. To the hemialbumin of 
Schiitzenberger, Kiihne gave the name of hemialbumose, 
which prevailed for a time until it was found that this sub- 
stance was in reality a mixture of several related substances, 
to which the name of albumoses was applied.! Through 
these researches, followed by many others that need not be 
enumerated here, the view that in the native proteid molecule 
there are present two distinct atomic complexes has gradually 
gained credence, and as a result the prefixes hemi and anti 
have been, and are, widely used to designate inner differences 
in the various hydrolytic cleavage products of the proteids, 
whether formed by the action of boiling dilute acids or by 
the action of proteolytic enzjrmes. A hemi body has thus 
come to mean a substance which under the influence of trypsin 
will break down into crystalline amido-acids and other simple 
products, while an anti body fails to yield any such simple 
products under the action of trypsin. The researches of 

* Kiihne and Chittenden, loc. cit. 

t Kuhne and Chittenden, Zeitschr. f . Biologie, 1884, xx, p. 11. 
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Neumeister * and others have shown, however, that when this 
crucial test is applied to the specific proteoses formed in 
gastric digestion, for example, there is invariably an admix- 
ture of the so-called hemi and anti groups ; not an equal mix- 
ture, — for protoproteose is apparently composed in great part 
of hemi groups with only a small admixture of anti groups, 
while heteroproteose is made up chiefly of anti groups, as 
judged by the behavior of the respective bodies toward trypsin. 
In the amphopeptone of gastric digestion, on the other hand, 
we have apparently a commingling in equal proportion of 
hemi and anti groups, for if this substance is digested for some 
time with a vigorous pancreatic juice, approximately one half 
breaks down into crystalline decomposition products, leaving a 
residue of peptone resistant to the further action of trypsin, 
i. e., an antipeptone. How far these terms hemi and anti are 
to be considered as representing real difiPerences in chemical 
constitution is very uncertain. It may be that the differences 
are more apparent than real, and that the characteristic 
behavior toward trypsin is the result of more or less super- 
ficial peculiarities. Granting that this is so, the terms still 
have significance as indicating physiological differences of 
some moment and are thus of value. Certainly the view at 
one time suggested that an anti body contained no aromatic 
groups capable of yielding tyrosin under any conditions is not 
tenable. To be sure, a pure antipeptone gives little or no 
Millon's reaction, but antialbumid boiled for some time with 
10 per cent sulphuric acid will yield considerable tyrosin, 
although when acted upon by an alkaline solution of trypsin 
no tyrosin whatever results. Thus, Dr. Alice H. Albro, 
working in this laboratory with antialbumid made from coagu- 
lated egg-albumin, found on boiling the substance with 10 per 
cent sulphuric acid for 80 hours that 2.7 per cent of tyrosin 
was formed, together with considerable leucin. In this con- 
nection it will be remembered that Erlenmeyer and Schb'ffer 
obtained 1 per cent of tyrosin by boiling egg-albumin with 
sulphuric acid, while Schlitzenberger obtained 2.0 per cent by 
« Neumeister, Zeitschr. f Biologie,.1887, xziii, p. 380. 
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heating egg-albumin at 160-200** C. with baryta water for 4 to 
6 days.* Obviously, one cannot draw very sharp comparisons 
between these several results, but it is quite clear that antial- 
bumid made from coagulated egg-albumin by the action of 4 
per cent sulphuric acid at 100° C. yields fully as much tyrosin 
on decomposition with a strong mineral acid as the mother 
proteid. Hence the differenced in the result when these two 
substances are treated with active pancreatic juice must be 
due, not to the lack of the characteristic aromatic group in the 
antialbumid molecule, but rather to some peculiar state of 
combination of the atoms or radicles which prevents the for- 
mation of tyrosin or other amido-acid through the action of 
trypsin. In the case of antialbumid formed by the hydrolytio 
action of a dilute acid it might perhaps be claimed that it is 
purely an artificial product, and that its resistance to the 
secondary action of trypsin is merely the result of some slight 
alteration of the original proteid attendant upon the process 
of cleavage. As opposed to this idea, however, we have the 
well-known fact that the original coagulated albumin placed 
directly in alkaline pancreatic juice breaks down step by step 
to leucin, tyrosin, etc., leaving at the end a large amount — 
perhaps 50 per cent — of a peptone (antipeptone) which 
resembles the peptone resulting from the pancreatic digestion 
of antialbumid. In other words, there is abundant reason for 
believing that the soKjalled anti group is contained as such in 
the native proteid, and that in the cleavage with dilute 
sulphuric acid it is split off as antialbumid, while in the pan- 
creatic digestion of the native proteid it is isolated as anti- 
peptone through conversion of the so-called hemi groups into 
amido-e>cids and nitrogenous bases. 

While it is thus possible to isolate with some degree of 
purity bodies belonging to or derived from the anti half of the 
proteid molecule, less satisfactory is the isolation of the so- 
called hemi bodies. From the amphop6ptone formed in gastric 
digestion, the antipeptone can be separated through destruction 
of the hemi groups, but there is no way known af isolating 
* See Hermann's Handbuch der Physiologie, t (2), p. 212. 
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the hemipeptone from this mixture. A method promising 
better results is the hydrolytic cleavage of the native proteid 
with dilute acid, accompanied as it is by the splitting off of 
the anti groups as antialbumid. While this results in the 
formation of soluble hemialbumoses and hemipeptone, which 
can easily be separated, it unfortunately happens that the 
antialbumid formed also undergoes hydration to some slight 
degree with consequent formation of some soluble antialbu- 
moses and antipeptone. These latter bodies, once mixed with 
the corresponding hemi products, cannot be separated, and 
hence are an ever-present impurity. Still, this method affords 
the only way, at present,' of obtaining the so-called hemialbu- 
moses and peptone, and we have had recourse to it as the only 
available method, understanding, however, that the several 
products are by no means wholly free from corresponding 
anti bodies. 

As already stated in the first part of this paper, it seemed 
very desirable in view of the importance attaching to the 
physiological action of the various digestive products of the 
proteids to ascertain as definitely as possible the part played 
by the several components of the ordinary products of proteo- 
lytic action. With this end in view we have devoted particular 
attention to the anti products, and in order to insure their 
freedom, so far as possible, from the so-called hemi groups we 
have made use of antialbumid as the mother substance in the 
preparation of antialbumoses and antipeptone. 

Hydrolysis and cleavage of coagulated egg-albumin with formation 
of antialbumid, eto.— In obtaining sufficient material for our 
purpose it was necessary to repeat the process several times, 
but the general line of procedure in each case was as follows : 
The whites of twelve dozen eggs were coagulated by pouring 
them slowly into a large volume of boiling water acidified 
slightly with acetic acid, the coagulum collected on a cloth 
filter and washed with large quantities of boiling water. It 
was then pressed as dry as possible and placed in a large flask 
with 4 per cent sulphuric acid (360 grams of the moist coagu- 
lum in 1200 C.C. of the acid). This mixture was then heated 
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at 100*^0. in a large steam sterilizer (Arnold's), with occasional 
agitation, for 12 to 16 hours, after which the gelatinous anti- 
albumid was separated from the acid solution (containing the 
hemi bodies) by filtration through paper and freed from all 
soluble matter by long continued washing with water. The 
washing was continued until the wash-water reacted only 
faintly acid. In some cases the antialbumid was again heated 
at 100° C. for 12 hours with a fresh lot of 4 per cent sulphuric 
acid. The crude antialbumid was next warmed at 40° C. for 
forty hours with a large volume of an active solution of 
pepsin-hydrochloric acid for the complete removal of adherent 
hemi bodies or of any unaltered egg-albumin. The residual 
antialbumid was then filtered off and washed thoroughly with 
distilled water until the washings were free from chlorine. 
The product was next dissolved in a solution of 0.5 per cent 
sodixmi carbonate, the fluid filtered through paper, and the 
antialbumid reprecipitated by neutralization with 0.2 per cent 
hydrochloric acid, after which it was again washed with water 
until free from chlorine, and lastly with 95 per cent alcohol. 
This product constitutes antialbumid (-4). 

In separating the so-called hemialbumoses from the 4 per 
cent sulphuric acid solution, the clear filtered fluid was neu- 
tralized with ammonia and evaporated to a convenient volume, 
the neutralization precipitate filtered off, and the further con- 
centrated fluid eventually saturated boiling hot with ammonium 
sulphate in acid, neutral and alkaline reaction according to the 
method suggested by Kiihne.* The precipitate of mixed 
albumoses was dissolved in water, a little thymol added, and 
the fluid dialyzed in running water until the sulphate was 
entirely removed. When the dialysis was completed a small 
quantity of heteroalbumose was found adherent to the parch- 
ment. This was therefore filtered off, washed thoroughly with 
water, lastly with alcohol, and dried. This product constitutes 
heteroalbumose (-S"). Assuming the correctness of Neumei- 
ster's statement that heteroalbumose as formed in pepsin- 
proteolysis is composed mainly of anti groups, it suggests that 

« Ktthne, Zeitschr. f . Biologie, 1802, xxiz, p. 1. 
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the f oimation of thid substance in the hydrolysis with sulphuric 
acid may be taken as a measure of the extent to which in this 
hydrolysis anti groups are split off in forms other than antial- 
biunid. On the other hand, there is perhaps no logical reason 
why a heteroalbumose might not be formed under this peculiar 
method of hydrolysis, out of hemi groups mainly. 

The above fluid freed by dialysis from ammoniimi sulphate 
and heteroalbumose, after filtration from the latter substance, 
was concentrated to a syrup, precipitated with alcohol, and 
the precipitate washed thoroughly with hot alcohol and dried. 
This product constitutes hemialbumoses ( 69^), and is composed 
of a mixture of hemiprotoalbumose and hemideuteroalbumose. 

The hemipeptone contained in the ammonium sulphate- 
saturated fluid after separation of the mixed albumoses was 
obtained as follows. The fluid was concentrated somewhat, 
cooled, and the crystals of ammonium sulphate separated, this 
operation being repeated four times, thus accomplishing the 
removal of a large amount of the contained sulphate. During 
the repeated heating of this solution a small quantity of a 
dark oily albumose-like substance was obtained, which was 
filtered off and freed from ammonium sulphate by the method 
used in the purification of the peptone, t. e., with barium car- 
bonate, etc. The product so isolated constitutes the albumose- 
like body {M). The solution was next treated with bariimi 
hydroxide until the larger portion of the sulphate was precip- 
itated, after which the last portions of the ammonium salt 
were removed by warming the solution with pure barium car- 
bonate. The filtered fluid was then treated with very dilute 
sulphuric acid, drop by drop, until the last trace of dissolved 
barium was removed and the filtrate concentrated to a small 
volume, precipitated with alcohol, and the precipitate washed 
repeatedly with boiling alcohol. This product constitutes 
hemipeptone (/). 

Formatioii of antlalbamoses by the action of pepsin-acid on 
pure antialbnmid. — When antialbumid is warmed at 40° C. 
with an active solution of pepsin-hydrochloric acid (0.2 per 
cent HCl) there results a slow but gradual digestion of the 
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pioteid with formation of soluble antialbumoses together with 
a trace of peptone. Using antialbumid (A) as the mother 
substance, digestion with pepsin-acid was carried on for some 
days, the undigested residue filtered off, the solution neutral- 
ized with sodium carbonate, concentrated, and the albumoses 
separated by saturation of the boiling solution with ammonium 
sulphate. The gummy precipitate so obtained was dissolved 
in water, dialyzed in running water \mtil free from sulphate, 
then concentrated to a syrup and precipitated with alcohol. 
The product was a mixture of protoalbumose and deuteroalbu- 
mose, and constitutes the preparation called antialbumoses (B), 
AntlalbnmoseB and antlpeptone foimed by the action of an 
alkaline solntion of trypsin on antialbumid. — Antialbumid (A) 
was dissolved in 0.5 per cent sodium carbonate and the solu- 
tion warmed at 40** C. for five days with a purified solution 
of trypsin,* also in 0.5 per cent sodium carbonate, thymol 
being added to prevent putrefaction. After the clear solution 
had been at 40** C. for a few hours it became opaque and 
soon formed a thick jelly due to the separation of a portion of 
the antialbumid in a slightly modified form, as has frequently 
been described in other places.f At the expiration of the 
five days a large proportion of this insoluble matter had dis- 
appeared, but there still remained an appreciable amount of 
the substance, which was filtered off, thoroughly washed with 
water, and dried. This constitutes antialbumid (-E.) The 
alkaline solution containing the albumoses and peptone was 
neutralized with dilute hydrochloric acid, the slight precipitate 
removed by filtration, ai^d the fluid concentrated to a con- 
venient volume. The antialbumoses and antipeptone were 
then separated by ammonium sulphate and isolated exactly as 

* The trypsin solution was prep&red bj wanning 40 grams of Kiihne's dry 
ox pancreas in 400 c.c. 0.1 per cent salicylic acid solution for 24 hours, mak- 
ing the extract alkaline (0.25 per cent NasCOg) and warming this at 40^ C. 
for 48 hours in the presence of thymol. The extract was next dialyzed for 
some days from both alkaline and acid (acetic acid) solution, then eyaporated 
to dryness at 40^ C. and the residue taken up with a very little cold water. 
This solution, filtered, contains fairly pure trypsin. 

t Ktthne and Chittenden, Zeitschr. f . Biologie, 1883, xix, p. 166. 



Digitized by VjOOQIC 



816 A CHEMICO-PHYSIOLOGICAL STUDY OF 

described under the head of hemialbumoses and hemipeptone. 
The antipeptone, however, owing to the presence of sodium 
chloride, was further purified by dialysis until the chloride 
was entirely removed. The product is antipeptane (2>). 

The antialbumoses, indicated as antialbumoses ((7), were a 
mixture of proto and deuteroalbumose. This is a matter of 
some moment chemically, for it is generally assumed that in 
trypsin-proteolysis primary proteoses are not formed; that 
the proteid passes directly to deuteroproteose and thence 
into true peptone, etc.* Further, it is implied in the scheme 
of pepsin-proteolysis generally accepted by writers on this 
subject, that antialbumid undergoing gastric digestion is 
transformed directly into antideuteroalbumose without any 
intermediate formation of a primary proteose, f This, how- 
ever, is not the case ; certainly not where pure antialbumid is 
undergoing digestion. Thus, we have observed that in the 
digestion of antialbumid with both gastric juice and pancreatic 
juice, the albumoses formed and separated contained a large 
amount of protoalbumose ; the neutral solution of the albu- 
moses yielding a very decided precipitate on saturation with 
sodixmi chloride. 

The antipeptone (D) formed by the action of trypsin on pure 
antialbumid was found on analysis to have the following 
composition, when dried at 110° C. 



L 0.d008 gram subBtance gave 0.1812 gram H^O = 6.70 per cent H and 

0.6602 gram COj = 49.96 per cent C. 
II. 0.3330 gram substance gave 0.6076 gram CO, = 49.75 per cent C 
IIL 0.2681 gram substance gave by tbe Kjeldahl method 0.03670 gram N = 

13.32 per cent N. 
IV. 0.2722 gram substance gave 0.03612 gram N = 13.27 per cent N. 
V. 1.0382 grams substance gave by fusion with NaOH | and KNOs 0.1203 
gram BaS04 = 1.69 per cent S. 
VI. 1.0666 grams substance gave 0.0228 gram ash = 2.14 per cent. 

* See Neumeister's Lehrbuch d. physiol. Chem., 1897, p. 247. 
t See Neumeister, Zeitschr. f. Biologie, 1887, xxiii, p. 391. 
t Pure sodium hydroxide made from the metal sodium and free from 
sulphur. The fusion was made in a silver crucible over an alcohol lamp. 



Digitized by VjOOQIC 





L 


n. 


c 


61.06 


60.82 


H 


6.84 


... 


N 


• • • 


• • • 


S 


• ■ • 


. . . 





• • • 


• • . 



CERTAIN DERIVATIVES OF THE PROTEIDS. 817 

FXBCBNTAOB COMPOSITION OF THB AbH-FBBB SuBSTANCB. 

m. lY. y. ATonge. 

60.93 

6.84 

18.61 18.66 . . . 18.68 

1.62 1.62 

27.08 
100.00 

This is the only analysis, so far as we are aware, of an 
antipeptone prepared from pure antialbumid. Some years ago 
Kiihne and Chittenden* analyzed a preparation of soKjalled 
antipeptone prepared by the digestion of antialbumid with 
alkaline pancreatic juice, but at that time the proteoses had 
not been discovered and consequently the method of separa- 
tion made use of did not effect the removal of the antialbu- 
moses; hence, the product analyzed was without doubt a 
mixture of true antipeptone and antialbumoses. In consider- 
ing the composition of this product it will be remembered 
that antialbumid is characterized by a comparatively high 
content of carbon and a low content of nitrogen (63.79 per 
cent C and 14.55 per cent N),t hence it is to be observed that 
in the formation of this peptone, as in all cases of peptone 
formation, the mother proteid loses an appreciable amount of 
carbon. J Somewhat noticeable in this product is the com^ 
paratively high content of sulphur, for peptones as a rule 
contain a very small amount of this element. There was no 
sulphur, however, present in the mercaptan form, and the ash 
contained no sulphate. Neither was there any evidence of 
the presence of ammonium sulphate. As to the relationship 
in composition between this antipeptone and the antipeptone 
resulting from the pancreatic digestion of a native proteid it 
wiU suffice here to refer the reader to previous papers on 
antipeptone.§ 

• Kuhne and Chittenden, ZeiUchr. f. Biologic, 1883, xix, p. 160. 
t Kiihne and Chittenden, loc. cit, p. 167. 

I See Chittenden, Digestive Proteolysis, New Haren, 1805, p. 70. 
§ Kuhne and Chittenden, Zeitschr. f. Biologie, 1886, xxii, p. 423 ; Chitten- 
den, Studies in Physiological Chemistry, Yale University, 1889, iii, p. 100; 
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Another product to be referred to under the head of anti 
bodies is antialbumid (F). This substance was prepared from 
well crystallized edestin,* a globulin obtained from hemp-seed, 
by heating the substance at 100° C. with 4 per cent sulphuric 
acid. The gelatinous antialbumid resulting by this process 
was purified by solution in 0.5 per cent sodium carbonate, etc., 
and then used for intravenous injection. 

Hydrolysis and cleavage of pore gelatin by trypsin in neutral 
solution. — In this hydrolysis 200 grams of exceptionally pure 
gelatin prepared from the purified collagen of white fibrous 
connective tissue (tendons) by Dr. Van Name f were available. 
This material was dissolved in four liters of distUledwater, 
a neutral solution of purified trypsin % added, together with 
sufficient thymol to prevent putrefaction, and the mixture 
warmed at 40° C. for four weeks. The object of this long- 
continued digestion was to insure the formation of as large an 
amount as possible of true gelatin-peptone, the substance 
usually described under this name being nothing more than a 
mixture of gelatoses. Further, digestion was carried on in 
a neutral fluid to obviate the necessity for removal from the 
resultant products of alkali salts; a process which entails 
great loss of substance. Careful examination of the digestive 
mixture at the end of the four weeks showed the complete 
absence of primary gelatoses. The solution was therefore 
concentrated and the deuterogelatose separated directly by 
saturation with ammonium sulphate under the conditions 
already referred to. The product was purified by dialysis, 
and eventually precipitated from a concentrated solution by 
strong alcohol, after which it was repeatedly boiled with 
alcohol for removal of any soluble extractives and then dried. 
This product constitutes deuterogelatose (K.) The yield was 
118 grams. 

Chittenden and Goodwin, Journal of Physiology, 1891, xii, p. 34; Balke, 

Zeit«chr. f. phyeiol. Chem., 1896, xxii, p. 248, etc. 

• Chittenden and Mendel, Journal of Physiology, 1894, xvii, p. 4a 
t Van Name, Journal of Experimental Medicine, 1897, ii, p. 117. 
t See foot-note (p. 315). 
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The ammonium sulphate-saturated fluid containing the true 
gelatin-peptone formed by trypsin was freed from the excess 
of ammonium salt by crystallization, the residue removed by 
treatment with barium hydroxide and barium carbonate as 
described in the preparation of hemipeptone, and the true 
peptone precipitated by alcohol. After thorough and repeated 
extraction with boUing alcohol the peptone was dried. fl^^Za- 
tin-peptone (L). It weighed 17 grams. The relative yield of 
deuterogelatose and true peptone in this long-continued hy- 
drolysis with an active solution of trypsin constitutes striking 
evidence of the relatively slow production of true gelatin- 
peptone in trypsin-proteolysis. 

The deuterogelatose in aqueous solution gave no precipitate 
whatever on saturation of the fluid with sodium chloride, 
neither did any precipitate result on addition of acetic acid 
to the salt^aturated fluid. Consequently, it must be con- 
sidered as entirely free from protogelatose.* Tested with 
potassium hydroxide and plimibic acetate for loosely com- 
bined sulphur, both peptone and gelatose gave negative re- 
sults. Negative results were likewise obtained with Millon's 
reagent and the xanthoproteic test. With the biuret test, 
strong solutions of both gelatose and peptone yielded a bright 
pink color. The composition of these two products is shown 
by the following results. 

AlTALTBIB OF DeUTEROOELATOSB (K)t. 

L 0.2811 gram substance gave 0.1705 gram H2O = 6.74 per cent H and 

0.5201 gram COa = 50.46 per cent C. 
n. 0.2895 gram substance gave 0.1769 gram HgO = 6.79 per cent H and 
0.5356 gram CO, = 60.45 per cent C. 
in. 0.3195 gram substance gave by the Kjeldahl method 0.05556 gram N = 

17.39 per cent N. 
IV. 0.2952 gram substance gave 0.05134 gram N = 17.39 per cent N. 
V. 0.5166 gram substance gave by fusion with NaOH and KNOg 0.0126 
gram BaS04 = 0.33 per cent S. 
VI. 0.8695 gram substance gave 0.0030 gram ash = 0.81 per cent 



* See Chittenden and Solley, Journal of Physiology, 1891, xii, p. 88. 
t Dried at 105<' C. until of constant weight. 
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Pehckktaob Comfosition of thb Ash-fbsk Substakck. 

m. lY. Y. ▲T«rag«. 
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Analysis of Gelatik-Pbptonb (L). 
L 0.2084 gram Bubstance gave 0.1797 gram £[,0 = 6.69 per cent H and 

0.6168 gram CO, = 47.23 per cent C. 
n. 0.2134 gram substance gave 0.1286 gram HgO = 6.69 per cent H and 

0.3709 gram COj = 47.40 per cent C. 
m. 0.28G9 gram substance gave by the Kjeldahl method 0.04827 gram 

N = 16.82 per cent N. 
IV. 0.2168 gram substance gave 0.03661 gram N = 16.88 per cent N. 
v. 0.6017 gram substance gave by fusion with NaOH and KNOg 0.0119 gram 

BaS04 = 0.32 per cent S. 
YL 0.6376 gram substance gave 0.0114 gram ash = 2.12 per cent 

Pebcentaqb Compobitiok of the Abh-fbee Substance. 

HL IY. Y. ▲▼wmge. 

48.33 

6.83 

17.18 17.24 . . . 17.21 
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Comparing these results with the composition of the pure 
gelatin from which the gelatose and peptone were derived we 
have the following figures : 



Gelatin.* BeaterogeUtOM. Gelatin-Peptone. 



c 


60.11 


60.87 


48.33 


H 


6.66 


6.81 


6.83 


N 


17.81 


17.68 


17.21 


S 


0.26 


0.84 


0.83 





26.24 


24.46 


27.80 



Thus, again we have a forcible illustration of the fact that 
in both pepsin- and trypsin-proteolysis the formation of true 
peptone is associated with a marked diminution in the content 

• Van Name, loc. cit, p. 124. 
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of carbon.* The composition of the deuterogelatose, on the 
other hand, is seen to be essentially identical with that of the 
gelatin from which it was derived, thus agreeing with the ob- 
servations previously recorded by Chittenden and SoUey f on 
the composition of the gelatoses formed by gastric and pan- 
creatic digestion. 

The protogelatose (protogelatose J") tested intravenously 
was a specimen prepared by pepsin-proteolysis of a purified 
commercial gelatin,t and had the following composition : 

C 49.98, H 6.78, N 17.86, S 0.52, O 24.86, Ash 1.98. 

Addendum. 

Since this work was completed two exceedingly interesting 
and important papers on antipeptone have appeared from 
Kossel's laboratory,! which have a dii-ect bearing upon the 
purity of antipeptone foimed from blood-fibrin by digestion 
with an alkaline pancreatic extract. Kutscher's results tend to 
show that ordinary antipeptone formed from blood-fibrin by 
pancreatic digestion and purified by the methods ordinarily 
made use of contains a large proportion of impurities composed 
in great part of the nitrogenous bases arginin, histidin, and a 
new body as yet undescribed, together with aspartic acid and 
some leucin and tjrrosin. Assuming this to be true of all 
antipeptones formed from native proteids by direct digestion 
with pancreatic juice, it foUows that the products of this kind 
hitherto tested physiologically are open to the suspicion of 
being unsuitable for experiments of this nature. How far 
the same criticism will apply to the antipeptone employed by 
us in the present experiments is uncertain. It would seem, 
however, that the antipeptone prepared from antialbumid 
might perhaps be free from this objection or at least contain 
a far smaller amount of impurity, since in the hydrolysis and 

* Chittenden, Digestire Proteolysis, New Haven, 1896, p. 71. 
t Chittenden and SoUey, Journal of Physiology, 1891, zii, p. 28. 
X Chittenden and Sulley, loc. cit., p. 28. 

§ Kutscher, Zeitscfar. f . physiol. Chem., 1898, zxt, p. 195 ; Kntscher, Ibid., 
1898, zzYi, p. 110. 

21 



Digitized by VjOOQIC 



822 A CHEMICO-PHYSIOLOGICAL STUDY OF 

cleavage of egg-albumin in the preparation of antialbumid the 
more easily decomposable half of the proteid molecule would 
be at once eliminated. Consequently in forming antipeptone 
from pure antialbumid by trypsin-proteolysis it is quite pos- 
sible that the resultant peptone is free from the objectionable 
features of ordinary antipeptone, owing to the nature of the 
mother substance. If such is the case our present experi- 
ments possess a double value. In partial justification of the 
belief that antipeptone prepared from antialbiunid is less liable 
to contain the impurities referred to is the fact that the well 
known bodies leucin and tyrosin, so common among the pro- 
ducts formed in the breaking down of the native proteid with 
trypsin and usually associated with the nitrogenous bases, are 
never found in the proteolysis of pure antialbumid. Further 
in the original analyses of antipeptone made by Kiihne and 
Chittenden,* it was found that- purification by phosphotung- 
stic acid tended to raise decidedly the content of nitrogen ; a 
fact which Kutscher explains by assuming the more complete 
precipitation of the nitrogenous bases by this reagent. Thus, 
in a preparation of fibrin-antipeptone containing 16.58 per cent 
of nitrogen, precipitation by phosphotungstic acid resulted in 
raising tJie content of nitrogen in the substance to 18.28 per 
centf In other words, this method of purification led, accord- 
ing to Kutscher, to an increase in the proportion of impurities. 
This being so, the higher content of nitrogen in an antipep- 
tone is to be looked upon with suspicion. Accepting the 
truth of this statement, the extremely low content of nitrogen 
in the antipeptone from antialbumid (18.58 per cent) may per- 
haps be taken as additional evidence of the freedom of the 
peptone from the objectionable nitrogenous bases. It is not 
to be understood from this hypothesis that the anti bodies, 
antialbumid or antipeptone, will not yield nitrogenous bases 
on decomposition. The real distinction between a hemi and 
anti body is based upon the behavior of the substance toward 
trypsin. As we have already pointed out, antialbumid, which 

« Kuhne and Chittenden, Zeitschr. f . Biologie, 1886, zzii, p. 486. 
t Kiihne and Chittenden, loc. cit., p. 452. 
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will not yield tyrosin on treatment with trypsin, will yield con- 
siderable tyrosin on decomposition with a strong mineral acid 
at 100° C. So, likewise, these anti bodies may yield a large 
proportion of the nitrogenous bases on decomposition with a 
boiling mineral acid while wholly resistant to the action of 
trypsin. 

In this connection it has seemed to us important to ascertain 
how large a yield of nitrogenous bases can be obtained from 
antialbumid by decomposition with a mineral acid, and also to 
compare the results with those obtainable by a like decompo- 
sition of a hemi body. For this purpose, 10 grams each of 
antialbumid, hemialbumoses, and hemipeptone were boiled for 
ninety-six hours with 40 c.c. of 20 per cent hydrochloric acid 
with addition of a little stannous chloride. The solutions 
were then diluted with water, the tin removed by hydrogen 
sulphide, and the filtrates evaporated to syrupy consistency. 
The residues were then dissolved in water and each made up 
to 250 C.C. Measured portions of these solutions were used 
for the determination of total nitrogen, nitrogen as ammonia, 
and basic nitrogen precipitated by phosphotungstic acid, 
following the methods used by E. Schulze.* Following are 
the results obtained: 

Amtialbumid (A). 

Total nitrogen in the fluid 1.2746 grams. 

Nitrogen in phosphotungstic acid precipitate . . . 0.2782 " 
Nitrogen in the form of ammonia ....... 0.0686 " 

Basic nitrogen, organic 0.2197 " 

17.2 i>er cent of total nitrogen in the form of bases precipitable by phospho- 
tungstic acid. 

Hbmialbumobbs (G). 

Total nitrogen in the fluid 1.3917 grams. 

Nitrogen in phosphotungstic acid precipitate . . . 0.4687 '' 

Nitrogen in the form of ammonia 0.0806 " 

Basic nitrogen, organic 0.8882 " 

27.9 i>er cent of total nitrogen in the form of bases precipitable by phospho- 
timgstic acid. 

• Schulze, E., Zeitschr. f. physiol. Chem., 1898, xxr, p. 800. 
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HBMIFBFTOm (I). 

Total nitrogen in the fluid 1.8770 gnuns. 

Nitrogen in phosphotungstic acid precipitate . . . 0.6492 " 

Nitrogen in the form of ammonia 0.2687 " 

Basic nitrogen, organic 0.2856 " 

20.7 per cent of total nitrogen in the form of bases precipitable by phospho- 
tungstic acid. 

From these lesults we see that antiaLbiunid differs only 
quantitatively from the hemi bodies in yielding nitrogenous 
organic bases on decomposition with a mineral acid ; a fact 
which affords additional evidence that the difference between 
the so-caUed hemi and anti bodies is not due to the lack of 
specific groups or radicles in the anti body, but rather to some 
difference in the arrangement of the groups or the state of 
combination by which the latter body is rendered resistant to 
the enzyme trypsin. Particularly noteworthy is the large 
proportion of nitrogen split off from hemipeptone in the form 
of ammonia, over nineteen per cent of the total nitrogen 
appearing in that form. 

In order to ascertain how far the possible presence of these 
" hexone " bases in antipeptone may affect the physiological 
action of the latter substance, an experiment was tried with a 
dog of 2.5 kilos body-weight in which 25 c.c. of a solution 
containing 0.73 gram of the mixed bases (from the phospho- 
tungstic acid precipitate) in the form of acetates were injected 
intravenously. The substance injected contained 15.5 per 
cent of nitrogen when dry. As a result it was found that 
the clotting time of the blood was not noticeably affected, 
while arterial pressure quickly fell from 185 mm. to 50 nun. 
Hg., but returned to the normal within three minutes. 
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ON ABSORPTION FROM THE PERITONEAL 
CAVITY.* 

By LAFAYETTE B. MENDEL. 

There is abundant experimental evidence to indicate that 
when an intravascular fluid is separated from an extra vascular 
one of different composition, an interchange of substances will 
take place between them. Given a separating membrane, e. g.^ 
a capillary wall, sufficiently permeable to the substances in 
solution, the two fluids will manifest a tendency to become 
equalized in composition. Thus substances originally dissolved 
in the extravascular fluid only may pass into the intravascular 
solution according to the established principles of osmosis.t 
That substances foreign to the blood can in this way be 
absorbed into the circulation directly through the blood-vessels 
has long been known. J In investigating the absorption of 
dissolved substances with reference to the channels by which 
they enter the circulation from the connective tissue spaces, it 
has been a customary procedure to introduce readily detectable 
compounds into these spaces, and to watch for their appearance 
in the blood or lymph stream under various conditions. The 
outcome of these researches has been to attribute to the blood- 
vessels an important r6le in absorption from connective tissue 
spaces, quite in accord with the requirements of physical 
diffusion ; although it has by no means been denied that the 
lymphatics also may be engaged in the transfer from the 
tissue cavities to the blood. 

The problem of absorption from the pleural and peritoneal 

* Reprinted from the Amer. Jour, of Physiol., vol. ii. 
t Cf . Rdth, Archiv f tir Phy8iologie,1898, p. 542. 

X Cf. Schaefer'B Text-book of Physiology, 1898, i, p. 808; Munk, I., Archir 
fiir Physiologie, 1895, p. 887. 
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cavities has been studied by Starling and Tubby* among 
others. They introduced a colored substance — indigo-carmine 
or methylene-blue — in solution into the cavities, and observed 
the reappearance of the pigment in the urine after ligation of 
the thoracic ducts, or after introducing cannulas and col- 
lecting the lymph before its entrance into the blood stream. 
In their experiments the urine was collected through a cannula 
tied into the ureter, " or in most cases into the bladder, either 
through an opening into the abdominal wall, or through an 
opening in the urethra, which was exposed by splitting the 
symphysis pubis." They observed in this way that " 6-20 
minutes after the injection of the coloured fluid into the serous 
cavities the urine became tinged with blue when indigo-carmine 
was used, or green when methylene blue was the substance 
employed. The urine, on shaking with air, rapidly deepened 
in tint, until the colour was as intense as that of the fluid 
injected. After a further lapse of time, varying from ten 
minutes to four hours, the lymph flowing from tiie thoracic 
duct also became slightly tinged, but the colour never deep- 
ened, on shaking with air, beyond a very light blue or green. 
The flow of lymph was not increased " (p. 148). The investi- 
gators add : " It might be argued from these experiments that 
the absorption of the colouring matter from the pleural or 
peritoneal cavity took place by means of the blood-vessels and 
by means of the lymphatics, the former process however being 
the quicker of the two. It is very doubtful, however, whether 
the slight colouration of the lymph which was observed in 
these experiments is occasioned at all by lymphatic absorption. 
If methylene blue or indigo-carmine be injected into the blood 
stream, the lymph flowing from the thoracic duct within half 
a minute becomes coloured. Now in these cases the colouring 
matter must have been present in the blood in order to have 
been excreted by the kidneys, and the colour of the lymph 
may be caused by a passage of coloured lymph from the blood 
vessels, not by any direct absorption of the blue from the 
serous cavities " (p. 144). The data presented thus indicate 
* Starling and Tubby, Journal of Physiology, 1894, xvi, p. 140. 
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a direct interchange between the fluid in the cavities and the 
blood in the vessels. Cohnstein,* likewise, has found tiiese 
phenomena in direct accord with the principles of osmosis. 

Comparable with the preceding observations, and indicating 
the immediate importance of the blood-vessels in absorption 
within the tissues, are experiments by I. Munk.f He severed 
the truncus lymphaticus colli, which conducts away the total 
lymph from the head in the rabbit, and removed the lymph 
coming from the cephalic end of the duct When strychnine 
was thereupon injected under the skin of the head, no delay in 
the oncoming or intensity of tetanic symptoms was observed, 
although the blood-vessels formed the only channel of com- 
munication with the general circulation. Furthermore, no 
strychnine could be detected in the lymph collected from the 
head. Again, Wertheimer and Lepage J have demonstrated 
the active participation of the blood-vessels of the liver in the 
absorption of substances from the bile. When a solution of 
indigo-carmine was allowed to flow into the ductus choledo- 
chus of a dog at a pressure of 30 cm., the urine collected from 
the ureter was found to be blue some minutes before the lymph 
flowing from the thoracic duct showed a trace of the pigment. 
The authors conclude that the lymphatics play a subordinate 
part, at most, in this process of absorption. § 

In a recent paper Meltzer || has reviewed the investigations 
of Starling and Tubby. Admitting that their experiments 
"if confirmed, would indeed prove the correctness of the 
blood-vessel theory of absorption," Meltzer has repeated them 
and has presented the protocols of a series of further experi- 
ments which lead him to quite different conclusions. The 
method of experimentation was essentially that employed by 

♦ Cohnstein, Centralblatt far Phyeiologie, 1896, ix, p. 403. 

t Munk, L, Archiv fUr Physiologie, 1896. p. 887. 

X Wertheimer and Lepage, Archives de Physiologie, 1897, p. 378. 

§ Page 874 : " Cea quelques exemples suffisent pour prouver non seulement 
que lea vaisseaux sanguins prennent une part active k la resorption du pig- 
ment bleu, mais encore que les lymphatiques n'y ont qu'ane part trbs 
restreinte." 

II Meltzer, Journal of Physiology, 1897, xxii, p. 198. 
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Starling and Tubby. Colored substances, or potassium fer- 
rocyanide, were introduced into the peritoneal cavity; the 
lymph was collected from the thoracic duct and the urine by 
means of a catheter introduced into the bladder through an 
external opening in the urethra. An extensive opening of 
the abdominal cavity was thus avoided. " In all of the ex- 
periments, the coloured fluid or characteristic Prussian blue 
appeared mvariably in the lymph distinctly earlier than in the 
urine. . . . The lapse of time between the injection into the 
abdomen and the appearance in the lymph was in all the ex- 
periments approximately the same — an average of fifteen 
minutes. . . . On the other hand the time for the first ap- 
pearance of the colour, etc., in the urine varied considerably 
in the different experiments." Meltzer adds: "In the few 
experiments I made by injecting coloured fluid directly into 
the circulation, the colour appeared in the lymph before it 
appeared in the urine; the interval for the lymph was ap- 
proximately constant, while the interval for the urine was 
quite variable — between seven and thirty-four minutes."* 
In view of this reverse of the result obtained by Starling and 
Tubby, Meltzer has rejected the theory that the peritoneal 
absorption takes place through the walls of the blood-vessels 
and not by way of the lymphatics. 

The preceding discussion has led Starling f to repeat his 
earlier experiments with due regard to tlie precautions em- 
phasized by Meltzer, and he has failed to discover any fallacy 
in them. He calls attention, however, to the necessity of 
emptying the bladder at regular intervals of two or three 
minutes by pressure on the abdominal wall, when the urine 
is collected through a cannula inserted directly into the 
bladder. Otherwise the urine is apt to accumulate in the 
latter and only the overflow is collected; a delay is thus 
occasioned between the secretion of a portion of urine and 
its appearance in the cannula. To this point I shall refer 
again somewhat later. 

• Meltzer, Ibid., p. 203. 

t Starling, Jonrnal of Physiologyi 1898, xxii, p. xxii. 
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In the course of some experiments on the action of certain 
lymphagogues * it occurred to me that if colored substances 
introduced into the abdominal cavity are carried into the 
circulation mainly through the lymphatics, an acceleration 
of the lymph flow might be accompanied by a more rapid or 
extensive transference of the pigment along thiia channeLf 
The first experiment was on a dog in which an intravenous 
injection of heteroalbumose had produced pronounced lymph- 
agogic effects together with complete stoppage of urinary 
flow. Ten c.c. of strong indigo-carmine solution were intro- 
duced into the peritoneal cavity. No blue could be detected 
in the lymph collected within an hour; the bluish tint of a 
sample of blood serum, however, gave evidence of an active 
absorption. In another animal previously receiving an intra- 
venous injection of hemipeptone, the influence of which had 
already disappeared, fifteen c.c. of the blue solution were in- 
troduced into the peritoneal cavity. The blue color appeared 
in the urine m fourteen minutes, in the l3rmph three minutes 
later. Observations of this kind led to a series of experi- 
ments on normal dogs under a variety of conditions. The 
technique of the experiments was essentially like that adopted 
by Starling and by Meltzer. The dogs were anaesthetized 
(after 86 hours' fasting) by a subcutaneous injection of mor- 
pliine sulphate followed by chloroform-ether administration. 
Cannulas were tied into the thoracic duct and both ureters. 
For collecting the urine the ureter method seems to me to 
be the preferable one, since it prevents any stagnation of 
fluid in the bladder. But inasmuch as the method has been 
criticised because it occasions the opening of the abdominal 
cavity the urine was collected in some cases directly from 
the bladder, in bitches, by introducing a catheter exteriorly 
tlu*ough the urethra. The results obtained were not modi- 

* Chittenden, Mendel, and Henderson, Amer. Jour. Physiol., 1899, ii, 
p. 162. 

t In this connection it was, of course, remembered that the lymph formed 
through the influence of these " lymphagogues " has its origin primarily in 
the lirer. 
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fied by this procedure, as the protocols will show. The 
colored fluid (indigo-carmine solution) was always introduced 
into the peritoneal cavity with a blunt pipette * through a 
small opening in the linea alba near the sternum. The ab- 
dominal wounds were all carefully stitched afterwards. The 
details of some experiments follow. 

I. Dog, 16 kilos. Cannula in thoracic duct and in each ureter. 
The lymph flow in ten minutes was 2.3 c.c. ; urinary flow was 
good. At 12.30, 20 c.c. strong indigo-carmine solution were in- 
troduced into the peritoneal cavity. At 12.46 the urine was 
tinged blue; the lymph continued normal in color until 12.58- 
12.59, when a faint blue tinge was evident. The urine, at this 
time, was perfectly dark with blue. At 1.05 the lymph showed 
a deeper blue, but the color was not intense ; at 1.20 the color 
began to deepen, aud still persisted when the experiment was 
concluded at 2.30. The urine continued to show a very dark 
blue color. 

Thus the color appeared in the urine in sixteen minutes ; in 
the lymph in twenty-eight minutes. 

II. Dog, 20 kilos. Cannula in thoracic duct and in each 
ureter ; cannula for bleeding in femoral artery. The urine and 
lymph flowed regularly, the latter at the rate of 1.9 c.c. in ten 
minutes. At 12.22, 20 c.c. saturated indigo-carmine solution 
were introduced into the peritoneal cavity. A bluish tint 
appeared in the urine at 12.31, becoming very deep at 12.34. 
The color began to show in the lymph at 12.45 and gradually 
increased in intensity. At 12.47 a blood sample was drawn; 
the serum was obtained by centrifugalization and was precipi- 
tated with alcohol. The alcoholic filtrate was decidedly blue 
at a time when the lymph was only beginning to show a trace 
of color. At 2.30, when the experiment was concluded, the 
urine was still intensely blue with pigment, while the lymph 
was light blue. 

Thus the color appeared in the urine in nine minutes ; in the 
lymph in twenty-three minutes. 

* Adler and Meltzer caution against the use of a sharp cannula for this 
purpose, since it may enter the intestinal lumen occasionaUy: Journal of 
Experimental Medicine, 1896, i, p. 493. 
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III. Bitch, 9 kilos. Cannula in thoracic duct. Catheter in- 
troduced exteriorly through urethra into the bladder. Lymph 
flow in ten minutes was 1.9 c.c. The urine flowed readily when- 
ever pressure was applied over the bladder ; otherwise the flow 
was not regular, a few drops being expelled occasionally with 
respiratory movements. During the experiment the urine was 
expressed at intervals of about three minutes. At 4.01, 15 c.c. 
strong indigo-carmine solution were introduced into the perito- 
neal cavity. At 4.10 the urine was distinctly blue, and the color 
had become intense at 4.20, when the first bluish tint appeared 
in the lymph. The color deepened somewhat, but had decreased, 
if anything, at the conclusion of the experiment at 6.05. A 
post-mortem examination showed the blue color well distributed 
throughout the peritoneal cavity. 

In this experiment the possibility of escape of color along wounds 
in the abdomen was excluded. Nevertheless, the color appeared 
in the urine in nine minutes ; in the lymph in nineteen minutes. 

IV. Bitch, 10 kilos. Cannula in thoracic duct; catheter in 
bladder as in Exp. III. Urine was readily obtained by gentle 
pressure. The lymph flow in ten minutes was 2 to 3 c.c. At 
11.35 2 c.c. indigo-carmine solution were introduced into the 
peritoneal cavity. At 11.53 the urine showed the blue color, 
which soon deepened. No trace of blue could be detected in 
the lymph within an hour. Accordingly, at 12.43, 10 c.c. aqueous 
indigo-carmine solution were introduced in the peritoneal cavity. 
At 1.0 the urine was decidedly more blue than before; the lymph 
assumed a bluish tint (?) which became distinct at 1.05, growiug 
deeper and remaining blue when the animal was bled to death 
at 2.15. Practically all the colored fluid had disappeared from 
the peritoneal cavity. The diaphragm alone was stained deep 
blue. 

Thus the color appeared in the urine in eighteen minutes, while 
no blue could be detected in the lymph within an hour; and 
again in the urine within seventeen minutes, and in the lymph 
somewhat later. The experiment is interesting because of the 
method employed to collect the urine and of the smaU amount 
of indigo-carmine at first introduced. 

The following details are included from additional experi- 
ments in which the lymph flow was accelerated by intravenous 
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injection of a lymphagogue previously to the introduction of 
the colored solution into the peritoneal cavity. 

V. Dog, 20 kilos. Cannula in thoracic duct and in each ureter. 
Cannula for intravenous injection in facial vein. The flow of 
urine and lymph being found satisfactory, at 11.33-11.34 50 cc. 
of 20 per cent sodium chloride solution were infused intrave- 
nously. In the succeeding twenty-five minutes 46 cc. of lymph 
and 112 c.c. of urine were collected. At 11.44 12 cc. strong 
indigo-carmine solution were introduced into the peritoneal 
cavity. Blue color appeared in the urine at 11.48, and rapidly 
increased in intensity. At 11.53 the lymph assumed a faint 
bluish tint, which grew more pronounced, but was never very 
deep. When the lymph flow diminished again, a solution of 
5 grams of Grttbler's "pepton" was infused intravenously at 
12.15. The urinary flow ceased at once. The lymph continued 
blue in color, 26 cc being collected in the succeeding fifteen 
minutes. 

Thus the color first appeared in the urine in /our minutes; in 
the lymph in nine minutes. 

VI. This experiment has already been referred to briefly. 
Dog, 15 kilos. Cannula in thoracic duct and in each ureter. 
A previous injection of heteroalburaose had stopped the urinary 
flow. The lymph flow in ten minutes was 4 c.c. At 5.0 10 cc 
indigo-carmine solution (in 0.7 per cent sodium chloride solution) 
were introduced into the peritoneal cavity. At 6.0 the serum 
obtained from a sample of blood showed a faint bluish tinge. 
No pigment could be detected in the lymph, which was still 
flowing steadily. 

VII. Dog, 15.5 kilos. Cannula in thoracic duct and in each 
ureter. Cannula for intravenous injection in facial vein. After 
a solution of 8 grams of Grttbler's "pepton" had been in- 
troduced into the latter, the urinary flow practically ceased. 
The lymph flow in ten minutes was 10.6 cc Immediately after 
the infusion of the albumose-peptone 10 c.c. saturated aqueous 
indigo-carmine solution were introduced into the peritoneal cav- 
ity. The lymph continued to flow abundantly; no blue could 
be detected in it within three hours. A post-mortem examina- 
tion showed the pigment distributed throughout the abdomen; 
the thoracic cavity was entirely free from it. 
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A similar experiment was carried out with analogous results 
on a dog of 20 kilos. Nearly 50 c.c. of lymph were collected 
without the appearance of any pigment in it being noted. 

The data presented agree closely with those already re- 
corded by Starling. In every case the characteristic color 
appeared in the urine before it could be detected in the lymph 
flowing from the thoracic duct, the interval observed ordi- 
narily being about ten or twelve minutes. The reverse re- 
sults obtained by Meltzer with indigo-carmine solutions are 
briefly tabulated below for comparison.* 

INDIGO-CARMINE EXPERIMENTS OF MELTZER. 

Weight of Amount of Fluid Time of Firat Appearance of Pigment in 
Dog. Introduced. I^ymph. Urine. 

klloe. O.C. min. min. 

28 50 8 26 

500 11 23 

18 50 12 40 

10 60 18 23 

80 60 13 44 

22 76 14 80 

In view of the criticisms of previous investigators, it may be 
well to point out that the tardy appearance of the pigment in 
the lymph has not been due to any retarded lymph flow in 
my experiments; the rate of flow varied ordinarily between 
1.9 c.c. to 4.4 c.c. in ten minutes. The results are apparently 
independent of the size of the animal, and the data obtained 
by collecting the urine from the bladder agree in every respect 
with those furnished by the ureter method. The amount of 
colored solution introduced into the peritoneal cavity in my 
experiments has been relatively small compared with that used 
by Meltzer ; this precaution has seemed desirable in view of 
the statement that '^ the absorption of such small amounts cer- 
tainly afforded a greater similarity with that of the normal 
lymph than when the large quantities of fluids used by these 
other writers were employed." f Thus, in their experiments 
on rabbits, Adler and Meltzer used 1 to 2 c.c. of fluid. 

• Meltzer, Journal of Physiology, 1897, xxil, p. 198. 

t Adler and Meltzer, Journal of Experimental Medicine, 1896, 1, p. 484. 
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It is not difficult to understand the prolonged absence of 
pigment from the lymph in those cases where only small 
quantities are introduced into the peritoneal cavity. The 
foreign substances, being quickly transferred directly into the 
blood stream, are at once taken up and eliminated by the 
kidneys, — as the intravascular injection of pigment also indi- 
cates. In this way little material is left to pass into the 
lymphatic system from the lymph spaces by this relatively 
slower process, or by subsequent transference from the blood- 
vessels. 

It has already been mentioned that Starling and Tubby 
express doubt regarding the direct absorption of coloring 
matter into the lymphatics in their experiments, and emphasize 
the possibility that the coloration of the lymph may be due to 
a " passage of coloured lymph from the blood vessels." Thus 
they observed that a colored substance introduced intraven- 
ously may appear in the lymph flowing from the thoracic duct 
within half a minute. So far as I am aware, no other com- 
parable observations are recorded showing so brief an interval. 
For sodium salicylate, which does not influence the lymph 
flow, Tschirwinsky * has observed from four to seven minutes ; 
Cohnstein f has found four or five minutes to intervene after 
potassium or sodium ferrocyanide solutions are injected, and 
for sodium iodide the writer J has repeatedly observed similar 
intervals. A few additional data obtained with indigo-carmine 
are given here: — 

YIII. Dog^ 20 kilos. Cannula in thoracic duct and in each 
ureter; cannula for intravenous injection in right facial vein. 
Rate of flow of lymph in ten minutes was 2.3 c.c. ; of urine was 
1.1 c.c. At 11.69 to 12.0 10 c.c. of strong indigo-carmine solution 
(in 0.7 per cent sodium chloride solution) were infused into the 
vein. At 12.9 the blue color was distinct in the urine. At 2.45 
there was still a good flow of urine and lymph ; the latter had 
not yet shown a trace of blue, while the color of the urine had 

• TBchirwinsky, Centralblatt far Physiologie, 18%, ix, p. 49. 
t Cohnstein, Archiv f . d. ges. Physiol., 1896, lis, p. 509. 
X Mendel, Journal of Physiology, 1896, xix, p. 227. . 
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gradually grown less deep, now showing a light green tint. 
Tlierefore at 2.45 a further 20 c.c. of the same indigo-carmine 
solution were infused into the vein. At 2.55 the urine grew 
deep blue a second time, and at 3.08 the lymph began to show 
a faint blue tinge which scarcely increased in color. Lymph 
flow in succeeding forty minutes was 10 c.c. The dog was 
killed by bleeding and the thoracic duct showed no blue color 
in any part of its course. 

Thus the color appeared in the urine in ten minutes ; in the 
lymph in twenty-three minutes. 

IX. Dog, 11 kilos. Cannula in thoi*acic duct and in each 
ureter; cannula for intravenous injection in right facial vein. 
The dog had been without food or water for two days ; 50 c.c. 
0.7 per cent sodium chloride solution had been infused slowly 
into the facial vein. Lymph flow in ten minutes was 3.1 c.c; 
urinary flow was 0.9 c.c. At 11.42-11.44 15 c.c. strong indigo- 
carmine solution were slowly introduced intravenously. At 11.59 
the urine was colored blue and quickly grew intense in tint. At 
12.05 the lymph showed a faint bluish tint, which grew slightly 
deeper ; but at 12.25 the color was doubtful. Therefore 25 c.c. 
indigo-carmine solution were again injected, whereupon at 12.33 
the lymph again showed the blue tint, which deepened somewhat 
to light blue. 

Thus the color appeared in the urine in seventeen minutes; in 
the lymph in twenty-three minutes (or with a larger quantity of 
colored solution in eight minutes). 

X. Dog, 15 kilos. Cannula in thoracic duct and in each 
ureter; cannula for intravenous infusion in left facial vein. 
Urine and lymph flow well ; lymph in ten minutes was 3 c.c. 
At 12.20-12.21 J 20 c.c. 1 per cent indigo-carmine solution in 
1 per cent sodium chloride solution were introduced into the 
vein. At 12.28^ the urine was deep blue ; at 12.32 a trace of 
blue appeared in the lymph and gradually increased somewhat 
in depth of color. At 1.0 20 c.c. 20 per cent sodium chloride 
solution tinged with indigo-carmine were infused. The accelera- 
tion in the flow of urine and lymph immediately followed. The 
urine grew less deeply blue; the color was missed entirely in 
the lymph. 

Thus the color appeared in the urine in eight minutes ; in the 
lymph in twelve minutes. 
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In similar experiments Meltzer* has reported that the color 
appeared in the lymph before it appeared in the urine. De- 
tailed protocols of the experiments have not been published, 
and few definite statements are made with regard to the 
urinary flow in these observations, or in those already 
tabulated. It is difl&cult to resist the conclusion that the 
differences between our results are perhaps attributable to 
variations in the method of collecting the urine. Thus in 
Meltzer's experiments on direct inti:avenous injection of 
colored fluid, intervals of Beven to thirty-four minutes elapsed 
before color was detected in the urine; with intraperitoneal 
injections intervals of twenty-three to eighty minutes are 
recorded. The results were apparently independent of the 
size of the animal used. The longest interval that I have 
obseiTcd was eighteen minutes in Exp. IV. when only 2 c.c. 
indigo-carmine solution were introduced. Furthermore the 
actual amount of pigment appearing in the lymph was in no 
case equivalent to more than a very small fraction of the pig- 
ment introduced into the animal, or found in the urine. A 
more satisfactory explanation does not suggest itself at 
present ; there are, however, quite different and perhaps more 
satisfactory ways of arriving at an answer to the main 
problem concerned, f 

The experiments recorded in this paper are thus in no way 
opposed to the " blood-vessel theory " of the absorption of 
foreign substances from the peritoneal cavity. Rather they 
conform with the results which are demanded by the con- 
ditions and principles discussed at the outset. 

♦ Meltzer, Journal of Physiology, 1897, xxii, p. 203. 

t In a recent paper on the absorption of yarious intraperitoneal fluids 
when the lymph channels are excluded (in the rabbit), R<5th concludes: 
" Dabei flndet eine langsame Resorption der isotonischen Losung durch die 
BlutgefdsM statt." Archiv fttr Physiologie, 1898, p. 646. The older similar 
experiments by Hamburger have been criticised by Adler and Meltzer, 
Joomal of Experimental Medicine, 1896, i, p. 482. 
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OBSERVATIONS ON THE NITROGENOUS METABOLISM 
OF THE CAT, ESPECIALLY ON THE EXCRETION 
OF URIC ACID AND ALLANTOIN.* 

By LAFAYETTE B. MENDEL and ERNEST W. BROWN. 

Tbb experiments which form a part of this paper were 
begun in continuation of a previous investigation in this 
laboratory on the excretion of kynurenic acid in various 
animals.f Our earlier experience had shown that kynurenic 
acid is absent from the urine of the cat during both fasting 
and proteid feeding, — conditions under which this acid is reg- 
ularly found in the dog. The largely increased excretion of 
kynurenic acid found in the dog during the increased proteid 
metabolism caused by phlorhizin administration led us to try 
similar experiments on the cat. It was reasoned that if 
kynurenic acid were a normal product of metabolism which 
is ordinarily destroyed as soon as it is formed in this animal, 
then by bringing about an unusually marked stimulation of 
metabolism this product might appear, owing to the temporary 
inability of the organism to utilize all the intermediary sub- 
stances formed. Extracts from protocols follow : — 

Phlorhizin ezperiments. — I. A medium sized cat received 
subcutaneously in four doses 1.6 grams phlorhizin dissolved in 
dilute sodium carbonate solution. The urine of two days, in- 
cluding the day of injection — 208 c.c. — was examined for 
kynurenic acid by Capaldi'sJ method with negative results. 

II. A very large cat received subcutaneously a total of two 
grams of phlorhizin in two doses with an interval of eighteen 
hours. The greater portion of the urine of four days — 209 c.c. 

♦ Reprinted from the Amer. Jour. Physiol., vol. iii. 

t Mendel and Jackson, Amer. Jour. Physiol., 1898, ii, p. 1. 

X Capaldi, Zeitschrif t fUr physiol. Chemie, 1897, xxiii, p. 92. 
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— was examined for kynurenic acid with negative results. On 
the two days of largest sugar excretion, the urine contained 10.0 
grams of dextrose and 3.92 grams of nitrogen. 

These experiments failed to demonstrate any production of 
kynurenic acid in the cat. We have made additional unsuc- 
cessful attempts to find kynurenic acid in the urine of the 
same animal under conditions of fasting and during an 
abundant diet of both meat and pancreas. There is therefore 
no modification of our earlier conclusion to be suggested.* 

EXPERIMENT L 

Four cats were used in thie experiment The meat fed was chopped lean 
beef; the thymus was a preparation (Armour's) of the desiccated glands, and 
was fed mixed with meat. 
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0.011 
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170 


0.009 
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BzperimentB on urle aoid excretion The negative results 

just recorded induced us to ascertain whether similar differen- 
ces exist between the organism of the cat and the dog in 
respect to other important products of metabolism. Our 
attention has thereby been directed particularly to the excre- 
tion of uric acid and aUantoin. Regarding the occurrence of 
uric acid in the urine of the cat few references are to be 
found in physiological literature. It is reported to be absent 
frequently from the urine of both cat and dog, having been 
found regularly only during animal diet and starvation. Dur- 

• Cf. Mendel and Jackson, loc. cit., p. 27. 

t Feces in the urine ; a few crystals of uric acid were separated. 
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ing a diet poor in proteids it has been observed to disappear.* 
Since these observations were made before the introduction 
of the newer methods for the complete precipitation of uric 
acid, it may reasonably be questioned whether they possess 
more than relative value. 

EXPERIMENT H. 

Two cats were employed in this experiment The food consisted of lean 
meat alone ; meat mixed with desiccated thymus ; fresh i>ancreas. 
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The method employed in the present experiments has 
usually consisted in feeding several cats in the same cage 
with various foods, collecting the urine and determining the 
uric acid present by the Ludwig-Salkowski method. In 
several series the acid separated has been estimated by titra- 
tion with permanganate solution instead of weighing. No 
attempt has been made to collect the urine for sharply defined 

• See Huppert, Neubauer und Vogel's Analyse des Hams, lOte Auflage, 
1898, p. 311. 

t The cats rejected part of the food and refused to eat 
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periods ; the animals were allowed water ad libitum and they 
discharged their urine with considerable regularity. The 
collections were made daily, and it was found that the results 
thus obtained with different diets during periods of several 
days were sufficiently pronounced to aflford definite conclu- 
sions. Extracts from protocols wiU be found in Tables 
I-VIL 

EXPERIMENT HI. 



Two cats were employed. 


The diet consisted of the same foods as in the 


preceding experiment. The pancreas fed was fresh, lean, sheep's pancreas. 
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The experiments recorded suffice to demonstrate the ready 
production of uric acid after ingestion of foods rich in nuclein 
substances, e. g.y thymus and pancreas. The persistence of 
a high uric acid excretion frequently on the day following 
the feeding of the glands is doubtless in part due to the 
method employed in collecting the urine (lack of catheterizar 
tion) rather than to any characteristic after-effect of the diet 
The results show so complete an analogy with the similar 
feeding experiments on man and on the dog,t that detailed 

♦ Part of the food rejected on this and the following day. 

t For references to the literature on thymus and pancreas feeding see : 
(man) Huppert, loc. cit, p. 313; Th. Cohn, Zeitschrift fiir physiol. Chemie. 
1898, XXV, p. 609 ; Hopkins and Hope, Journal of Physiology, 1898, xxiii, p. 
271; Weiss, Zeitschrift fttr physiol. Chemie, 1899, xxvii, p. 216; Jerome 
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EXPERIBIENT IV. 

Three cats were employed. The diet consisted of lean meat, or fresh sheep's 

pancreas. 



1890. 


Vol of Urln©. 


UrloAoid. 


Food. 




0.0. 


gna. 


gm. 


m. 31 


, 




Meat, 250. 


IV. 1 


ts& 




« i( 


2 


t g 116 


0.011 


M a 


8 


'S? 




« «< 


4 


il 




(« «< 


6 


Lost. 




Pancreas, 300. 


6 


335 


0.088 


" 500. 


7 


266 


0.206 


** 560. 


8 


210 


0.160 


550. 


9 


<fi 800 


0.120 


*' 3oa 


10 




Meat, 260. 


11 


1 t|l4« 


0.005 


«f u 


12 


i-5 




u « 



discussion seems imnecessary here. For the same reason 
feeding experiments with pure nueleins were omitted. 

EzperimentB on aUantoln excretion. — We have been unable 
to find any detailed references to the excretion of allantoin 
in the cat Meissner * has reported finding allantoin in small 
quantities in the urine of several cats living on animal diet. 
It seemed especially desirable to investigate the possibility of 
allantoin excretion in the cat, since this substance has been 
detected only rarely in the urine of man, thus giving further 
evidence of noticeable differences between certain metabolic 
processes of the dog and some other animals closely related. 
Quite recently the pronounced excretion of allantoin in the 
dog has been noted by Minkowski f and by Th. Cohn J after 
thymus feeding; similar observations after pancreas feeding 



Journal of Physiology, 1890, xxr, p. 98 ; Taylor, American Journal of Medi- 
cal Sciences, 1899, cxriii, p. 141 ; (dog) Minkowski, Archiv f. Exper. Pathol, 
u. Pharmakol, 1898, xli, p. 876. 

* Meissner, Zeitschrift fur rationelle Medicin, 1868, xxxi, p. 803. 

t Minkowski, Centralhlatt fttr innere Medicin, 1898, No. 19; Archir f. 
Exper. Pathol, u. Pharmakol., 1898, xli, p. 376. 

t Th. Cohn, Zeitschrift fur physioL Chemie, 1898, xxr, p. 507. 
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EXPERIMENT V. 
Three cats were employed. The pancreas fed waa from calres. 



1898. 


Vol. of Urine. 


Uric Add. 


rood. 




o.e. 


gnn. 


gnn. 


V. 14 


280 


daily 
average. 


Meat, 600. 


16 
16 
17 


160 
120 
190 


« « 

M M 


18 


200 


0.098 


Pancreas, 600. 


19 


260 


0.216 


" 700. 


20 


860 


0.166 


Meat, 600. 


21 


300 


0.187 


(f (i 


22 


180 


0.087 


« 450. 


28 


180 


0.032 


M M 



are reported by SalkowskL* These results have since repeat- 
edly been verified in this laboratory. 

Our attention has been directed to the occurrence of 
aUantoin under similar conditions of diet in the cat. In no 
case has this substance been missed in the urine after thymus 
or pancreas feeding. Thus, in one of the experiments, the 
urine obtained after feeding 175 grams of desiccated thymus 
(Armour's) to four cats was concentrated to a syrup and 
extracted with alcohol. The alcoholic extracts deposited 1.6 
grams of characteristic crystals on standing. After recrystal- 
lization, the preparation began to melt at 215° C. and gave 
the characteristic reaction with f urf urol. An analysis of the 
preparation gave 84.99 per cent N ; theory, 35.44 per cent N. 
The crystals were thus identified as allantoin. Again, after 
feeding about 2} kilos of fresh pancreas, 2 grams of allantoin 
were separated in the form of characteristic crystals. After 
recrystallization they began to melt at 216-217° C. and showed 
a nitrogen content of 35.12 per cent. Salkowskif obtained 
8.08 grams of allantoin from the urine of a small dog to which 
1| kilos of ox-pancreas were fed in five days. It is not 
uncommon to find crystals of allantoin separating from cat's 

• Salkowskl, Centralblatt fttr die Medidnischen Wissenschaften, 1898, 
p. 929. 

t Salkowski, loc. cit, p. 990. 
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EXPERIMENT VL 

Three cats were fed. In addition to uric acid determinations, total nitro- 
gen was estimated in the urine by the Ejeldahl method : and phosphoric 
acid by titration with uranium solution. The thymus was a desiccated pre- 
paration used in other experiments. 



1890. 


Volume of 
Urine. 


Nitrogen. 


P«0,. 


Uxlo 
Aeid. 


Food. 


IV. 80 

V. 1 

2 

3 
4 
5 
6 

7 
8 


ao. 

120 
250 
190 

860 
380 
250 
150 

iff- 


gnne. 

|||u.99 

* 22.42 
22.99 
21.27 
18.86 

18.27 


gnne. 

0.801 

2.116 
2.300 
1.326 
1.056 

1.014 


gnne. 

0.014 

0.006 
0.619 
0.060 
0.015 

0.009 


gnne. 

Meat, 800 
" 800 
" 300 

" 800; thymus, 100 
« 800 " 100 
" 300 
« 800 

" 260 
" 260 



urine after pancreas feeding, even before the urine is concen- 
trated. In view of Salkowski's experience with dogs,* we 
have searched for allantoin in the urine of the cat after meat 
diet, but without success. 

Urle aold feeding — Since it has been demonstrated that uric 
aeid ingested, in the case of the dog, is excreted again in 
part as allantoin,! similar experiments were carried out on 
the cat. Thus, two cats used in previous experiments were 
fed 6 grams of uric acid mixed with 200 grams of chopped 
meat The urine — 860 c. c. — collected on the three succeed- 
ing days was concentrated, and about 0.6 gram of allantoin 
was obtained. In another experiment, in which 4J grams 
were fed with 200 grams of lean meat to two cats, 0.8 gram 
allantoin was obtained. In this respect also, then, the meta- 
bolic processes of the cat resemble those of the dog. 

* Salkowski, Berichte der deutschen chemisQ^ien Gesellschaft, 1878, xi, 
p. 600. 

t Salkowski, ibid., 1876, ix, p. 719. 
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Other Bzperiments. — Quinine is reported by various authors * 
to diminish the excretion of uric acid in man. We have tried 
one experiment to determine the influence of this alkaloid on 
uric acid and allantoin output in the cat after pancreas feeding. 

EXPERIMENT VH. 

Two cats were employed. The quinine sulphate was administered in small 
gelatin capsules. 



1899. 


Vol of Urine. 


Uric Add. 


Food. 




c.c. 


grm. 


gna. 


VX 1 


148 


0.004 


None. + 


2 


90 


0.007 


Pancreas, 250; Ql sulph. 1.5. 


8 


200 


0.016 


600; " 2. 


4 


180 


0.027 


Meat, 200. 


6 


840 


0.080 


•« (( 


6 


100 


0.011 


« «« 



It will be seen that the increase in uric acid output here 
observed falls considerably below that seen in other experi- 
ments (Exp's III, IV, V) with pancreas feeding. It is 
scarcely to be assumed that the effects observed are entirely 
due to deficient digestion and absorption of the material in- 
gested. Allantoin was not detected in this urine after pan- 
creas feeding ; this single experiment can, however, scarcely 
justify any far-reaching conclusions. The same statement 
applies to another experiment in which tannic acid was given 
in relatively large doses to cats, in view of the current state- 
ments regarding the excretion of allantoin in man under such 
conditions-t No allantoin was found in the urine, and the 
uric acid output was apparently not modified in any way. 

We have tried to repeat the experiments of Borissow J rela- 
tive to allantoin excretion in dogs after subcutaneous injec- 
tions of hydrazine sulphate. The symptoms observed in cats 

♦ Cf . Thomas, Neubauer und Vogel's Analyse des Hams, 9te Auflage, 1890 
p. 246 ; Bohland, MQnchner medicinische Wochenschrif t, 1899, xlvi, No. 16 ; 
Cushny, Pharmacology and Therapeutics, 1899, p. 362. 

t Cf. Anschtttz, Y. Richter's Organische Chemie, 1897, 1, p. S86; also 
Bohland, loc. cit. 

X Borissow, Zeitschrift far physiol. Chemie, 1894, xix, p. 499. 
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after administration of doses varying from 100 to 150 milli- 
grams resembled in many respects those described for the dog 
by Borissow. No allantoin was detected; however, the 
number of our experiments is as yet too small to permit a 
definite conclusion. 

Composition of Gate' Urine — The lack of data regarding the 
normal composition of cats' urine has induced us to append 
the results of a few analyses carried out on urine obtained 
during various conditions of diet. The figures represent daily 
averages calculated from the total of several days. Several 
different animals are represented in the series. Total nitrogen 
was estimated by the Kjeldahl process ; urea nitrogen by the 
MOmer-Sjoquist method ; uric acid according to the Ludwig- 
Salkowski method ; PgOg by titration with uranium solution ; 
SO, gravimetiically. Creatinine was found present in cats' 
urine and separated as the zinc chloride compound. 



AVERAGE DATTiY 


EXCRETION FOR THE 


CAT. 


Diet 


Total N. 


UreftN. 


Uric Acid. 


PA- 


80,. 




gm. 


grm. 


grm. 


grm. 


grm. 


Meat, ca. 100. 


4.06 


2.66 


0.009 


0.600 


0.268 


86. 


4.65 


2.67 


0.007 


0.400 


■ • . 


86. 


8.62 


... 


0.006 


0.678 


. . . 


86. 


8.38 


2.42 


0.004 


0.604 


0.242 


86. 


> < ■ 


• • ■ 


0.006 


0.646 


■ . • 


86. 


• ■ • 


• . • 


0.008 


. . . 


. . • 


None 


■ * • 


• . , 


0.003 


0.610 


, , , 


u 




. . . 


0.003 


. . . 





SUMMARY. 

1. Kynurenic acid is not excreted by the cat even during 
the increased proteid metabolism produced by phlorhizin 
administration. 

2. The ingestion of thymus and pancreas tissue causes a 
marked increase in the uric acid output of the cat, thus corre- 
sponding with the similar observations on man and the dog. 

3. Allantoin excretion is likewise observed after thymus 
and pancreas feeding, and after uric acid ingestion. Prelimin- 
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ary experiments have failed to demonstiate allantoin produc- 
tion after administration of hydrazine sulphate. 

4. The ordinary daily uric acid output per kilo of body 
weight in the cat is scarcely smaller than that observed in man 
and the dog. Creatinine is ordinarily present in cats' urine in 
noticeable quantity. 
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OF THE OCCURRENCE OF IODINE IN THE 
THYMUS AND THYROID GLANDS.* 

Bt LAFAYETTE B. MENDEL. 

The announcement of Bamnann's discovery of iodine as a 
normal constituent of the thyroid gland directed attention to 
the possible occurrence of this element in other organs of the 
body. For the most part, the investigations in this direction 
have yielded negative results. In the case of the ovaries, the 
occurrence of iodine in very minute quantities has been 
reported by several investigators.! The presence of minimal 
quantities of iodine in the hypophysis has been asserted by 
some writers,^ while others,§ have failed to detect it. In the 
adrenals, II spleen, || and salivary glands^ also, iodine has been 
detected. When the ahnost constant presence of iodine com- 
pounds in the thyroids of fully developed animals is considered, 
it cannot seem remarkable that iodine in some form should 
pass into the circulation and occasionally be found in various 
organs. In all the instances cited, however, the quantities 
actually found have been so small that renewed investigation 
is needed before any serious significance can be attached to 
existing statements. That iodine is by no means a constant 
constituent of some of these glands, my own experience has 
shown ; thus I have examined relatively large quantities of 

• Reprinted from the Amer. Jour, of Physiol., vol. iii. 

t Barell, Cbemisches Centralblatt, 1897, i, p. 608; Seyda, ibid., 1897; ii, 
p. 806; Lanz, Berliner klinlsche Wochenschrift, 1898, pp. 371-372. 

t Schnitzler und Ewald, ChemiscbeB Centralblatt, 1896, ii. p. 648; H. G. 
Wells, Journal American Medical Association, October-Noyember, 1897. 
Reprint, p. 57. 

§ Baumann, Miincbner mediciniscbe Wochenscbrift, 1896, No. 14; r. Ro- 
sitzky, Wiener kliniscbe Wochenscbrift, 1897, pp. 823-824. 

II Barell, loc. cit 

\ Cunningham, Journal of Experimental Medicine, 1898, iii^ p. 281 note. 
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ovarian substance (pig's) and saUvaiy gland (ox's) without 
being able to detect this element. 

In his earlier experience, Baumann * was unable to detect 
iodine in the thymus gland ; later, however, in 200 grams of 
fresh thymus glands of the calf, he succeeded in detecting 
^— iV ^gi*' iodine, t Considering this result in connection 
with the observations of Mikulicz % on the efficiency of thymus 
feeding in goitre, Baumann regarded it as probable that the 
thymus contains iodine in the form of thyroiodine (iodothyrin), 
although in much smaller quantity than in the case of the 
thyroid Further observations on the thymus scarcely exist 
Cunningham § has repeatedly tested the thymus for iodine 
without success, and suggests " that possibly accessory thjrroid 
bodies were present in the thymus examined by Baumann." 
H. G. Wells analyzed the thymus glands of four children. 
^^ In one from a four months old child, and in one from a stiU- 
bom infant, slight traces of iodine could be detected. In the 
other two, which were both from stiU-bom infants, no traces 
whatever could be detected, even when three grams of the 
dried glands were examined at one time." || 

The writer's attention was first directed more closely to this 
subject through the examination of a rather unusual accessory 
thyroid found in the thoracic cavity in a well defined case of 
acromegaly.^ In this case the thyroid proper, which was en- 
larged and weighed 101 grams, contained a relatively small 
amount of iodine, in correspondence with the histological find- 
ings on examination of the gland. Thus there was a marked 
increase in the connective tissue as compared with a normal 
gland; while the coUoid material was decreased. The later 
observations of Hutchison** and Oswald ft have shown, how- 

* Baamann, Zeitschrlft fiir physiol. Chemie, 1806, zzi, p. 826w 

t Baumann, Munchner medlcinische Wochenschrift, 1896, No. 14. 

X Mikulicz, Berliner klinische Wochenschrift, 1895, No. 16. 

{ Cunningham, Journal of Experimental Medicine, 1898, ill, p. 281 note. 

il Wells, H. G., loc. cit 

^ Osborne, O. T., Transactions of the Association of American Physicians, 
1897, p. 262. 
•• Hutchison, Journal of Physiology, 1896, xx, p. 474. 
ft Oswald, Zeitschrlft fiir physiol. Chemie, 1897, zxili, p. 810. 
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ever, that the iodine content of the thyroid is particularly as- 
sociated with the presence of colloid matter. The large 
accessory gland found in the median line high up in the 
thoracic cavity, just above the upper end of the stemimi, 
weighed 36^ grams. From its location it was at first re- 
garded as thymus. It showed a distinct "division into a 
cortical and medullary portion, the latter constituting some- 
what more than half the diameter of the entire body, and being 
made up of fibrous tissue. The cortical portion resembles that 
of developing thyroid tissue as described by Halsted* as 
being found in dogs after partial extirpation of the thyroid 
gland." In the central portion no iodine could be detected ; 
in the cortical portion, within the spaces of which colloid mat- 
ter was observed, no less than six milligrams of iodine were 
found. It may be added that the patient had undergone no 
previous treatment involving the use of iodine compounds, 
which are well known to increase the iodine content of the 
thyroid. 

The preceding details have been recorded not alone because 
of the unusual conditions observed, but particularly because 
they emphasize the care which becomes necessary in the re- 
moval of thymus tissue, to avoid contamination with possible 
accessory thyroids. In the parathyroids of the dog and rabbit 
Gley t has found a relatively greater content of iodine than in 
the thyroids of the same animals. 

The data to be presented in this paper include analyses of 
both himian and animal glands4 In searching for iodine, the 
finely-divided, dried gland-substance was fused in a nickel 
crucible with sodium hydrate and potassium nitrate, and this 
process — together with the succeeding colorimetric estimation 
of the iodine in the fusion products — was carried out accord- 
ing to the directions of Oswald. § Silver crucibles were never 

* Halsted, Johns Hopkins Hospital Reports, 1. 

t Gley, Coraptes rendus, cxxv, p. 812. 

X Grateful acknowledgment is made to Professor H. B. Ferris of the Yale 
Medical School and to Dr. Joseph Roby of Rochester, who have furnished 
suitable material ; and particularly to Armour and Company of Chicago, who 
have generously prepared various gland products for me. 

{ Oswald, Zeit«chrif t f iir physiol. Chemie, 1897, xxiii, p. 276. 
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employed, since they may occasion loss of iodine owing to the 
formation of insoluble silver iodide. The reagents used were 
repeatedly examined for iodine with negative results. In test- 
ing the efficiency of the method when applied to large quan- 
tities of material, I have found no difficulty in recovering at 
least ^ mgr. iodine when ^ mgr. iodine as EI were added to 
about 15 grams of dried serimi-proteids or fibrin. 

A summary of a few analyses of thymus and thyroid glands 
from infants follow. The weight of each thymus varied from 
three-quarters to three grams, dried ; the thyroids were some- 
what smaller. 

The thymus and thyroid glands of four infants at full term 
were examined for iodine with negative results. In the same 
glands from two infants about 24 days old, the thymus contained 
no iodine, while the thyroid contained 0.07 mgr. iodine. The 
thymus from the following individuals likewise showed no iodine 
whatsoever. 

Infant 26 days old ; canse of death : gastritiB. 



48 " 


« 


« 


tt 


inanition. 


2 months 


« 


tt 


tt 


ileoKsoUtis. 


4i « 


« 


U 


tt 


pneumonia. 


6 " 


u 


u 


tt 


(( 


8 " 


€t 
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M 


colitis. 


20 " 


€t 


tt 


tt 


ileoKioUtis. 



As regards the thyroid, these results correspond with the 
observations of Baumann ♦ and of Miwa and St(5lzner,t who 
likewise examined the thyroids of young infants without find- 
ing iodine in the great majority of cases. H. G. Wells4 how- 
ever, has reported the finding of traces of iodine in thyroids 
of infants at full term. With reference to the thjnmus it is 
evident that the absence of iodine is noticeable even in older 
individuals in which a considerable accumulation of iodine in 
the thyroid has already taken place. I have made similar ob- 
servations in the case of a dog of ten kilos. The thyroids, 

• Baumann, Zeit«chrift fttr physiol. Chemie, 1806, xxii. p. 11. 

t Miwa und Stoltzner, Jahrbuch fttr Kinderheilkunde, 1897, zly, p. 87. 

t H. G. Wells, loc. cit., reprint, p. 25. 
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weighing 550 mgr. air diy, contained about 0.25 mgr. iodine, 
while no iodine could be detected in the large thymus weighing . 
over two grams, air dry. 

Although it may be questioned whether the minute traces 
of iodine found by Baumann on analysis of a very large quan- 
tity (200 grams) of thymus deserve the physiological signifi- 
cance frequently attributed to this single observation, I have 
repeated these experiments with large quantities of thymus. 
The fresh glands (calves') were dissected very carefully, and 
after treatment with absolute alcohol and ether were tested by 
the method already refeiTcd to. Thus in one experiment 213 
grams of fresh thymus (yielding 39 grams dry substance) 
were examined with negative results; similar experiments 
were made with varying quantities of substance, but in no 
case could iodine be detected in this material. In two samples 
of desiccated thymus carefully prepared for me by Armour and 
Company, I have likewise been unable to find a trace of iodine, 
even when large quantities were fused; while I have not failed 
to detect very small quantities of iodine added to equally large 
amounts of the same desiccated material. 

In two samples of commercial thymus preparations, how- 
ever, I have detected traces of iodine. Nine grams of one of 
these, labelled "Desiccated thymus containing 50 per cent 
sugar of Inilk," showed a faint trace of iodine ; another pro- 
duct " Desiccated thymus of the calf," repeatedly yielded about 
0.07 mgr. iodine in twelve grams of the substance. In these 
cases the iodine found presumably was attributable to contam- 
inating materials. Additional weight is lent to this view by 
the fact that of three commercial thymus preparations from 
the same source, only one showed traces of iodine ; while one 
of the two iodine-free products had been prepared at my sug- 
gestion with particular care to avoid contamination with 
accessory thyroid bodies. 

From the foregoing evidence it seems probable that iodine 
is not a normal constituent of the thymus and that Baumann's 
detection of that element in the gland was due to admixture 
of thyroidal tissue. Finally, the feeding experiment of 
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Banmann,* in which the thyroids of a small dog ingesting 26 
pounds of thymus in sixteen days were found to contain 1.4 
mgr. of iodine, loses the significance attributed to it, in view 
of the later experiments of Roos.t The latter investigator 
found that dogs frequently retain a considerable store of 
iodine in their thyroids evien after six weeks' feeding with 
meat, — a diet free from iodine. The results of a single brief 
feeding experiment with thymus can therefore no longer be 
regarded as a confirmation of the existence of iodine in the 
gland fed. 

The favorable results which have been reported for the 
thymus method of treatment in both true and exophthalmic 
goitre have been confirmed more recently through the further 
observations by Reinbach J in Mikulicz's clinic. The success 
of thymus therapy indicates, as Reinbach points out, that the 
peculiar action of thyroid preparations in reducing goitre is 
nothing specific for the thyroid. Furthermore Cimningham § 
has demonstrated that thymus tissue yields substances equally 
as capable as thyroid extractives of palliating the acute 
cachexia in thyroidectomized dogs. Tliat tliese substances do 
not contain iodine is pointed out by Cunningham and is par- 
ticularly emphasized by my own experiments. 

What light do these experiments throw upon the signi- 
ficance of the iodine content of the thyroid ? It seems to the 
writer that a variety of evidence leads to the conclusion early 
announced by Hutchison, || that the physiological activity of 
thyroid preparations is due to substances associated witli the 
iodine, rather than to that element itself. This, at least, 
applies to the ordinary action of thyroid feeding in goitre. 
Two reasons for tliis conclusion may briefly be stated. First, 
the thymus, which shows marked similarity to the thyroid in 

* Baumann, Zeitschrift fiir physiol. Cheinie. 1896, xxii, pp. 14-15. 

t Roos, Zeitschrift ffir physiol. Cliemie, 1809, xxviii, pp. 43-44. 

} Reinbach, Abstract in Centralblatt fiir die medicinischen Wissenschaf ten, 
1899, p. 276. 

§ Cunningham, Journal of Experimental Medicine, 1898, iii, p. 225. 

II Hutchison, Journal of Physiology, 1896, xx, p. 494 ; cf . also Reinbach, 
loc. cit 
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its effect on goitre, contains no iodine. Second, the proportion 
of iodine in the colloid matter may be artificially increased to 
even ten times the nonnal amount without occasioning any 
increase in the activity of the preparation; * while artificially 
iodized proteids show relatively little action. In this connec- 
tion the recent work of Roos f deserves attention. He found 
that the effects of equal quantities of dried thyroid in increas- 
ing the nitrogenous metabolism of dogs were apparently pro- 
portionate to the content of iodine in the glandular tissue fed. 
Equally varying was the efficacy of the different preparations 
in reducing the size of parenchymatous goitres. These facts, 
however, by no means compel the conclusion that the char- 
acteristic action is due to the iodine present; with equal 
probability we may assume corresponding variations in the 
accompanying active groups to which the iodine is perhaps 
attached merely as a factor of secondary importance. Under 
this interpretation of the facts known, it is not necessary to 
follow Roos X in attributing the favorable action of thymus to 
the minute traces of iodine occasionally found in preparations 
of that gland. 

Summary. 

1. The accessory thyroids in man may contain both rela- 
tively and absolutely more iodine than the thyroid proper of 
the same individual. 

2. The observations that the thyroids of newly-born 
children contain no iodine are confirmed. 

3. There is no satisfactory evidence to show that the care- 
fully isolated thymus of man or animals contains iodine. 
Traces found by other observers were presumably due to 
adherent thyroidal tissue. 

* Hutchison, Journal of Physiology, 1808, xxiii, p. 178. 
t Roos, Zeitschrift fiir physiol. Chemie, 1899, xxviii, p. 40; c£. also Oswald, 
Ibid., 1899, xxvii, p. 40. 

X Roos, Zeitschrift fiir physiol. Chemie, 1899, xzyiii, pp. 60-61. 
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THE FORMATION OF MELANINS OR MELANIN- 
LIKE PIGMENTS FROM PROTEID SUBSTANCES.* 

Bt »• H. CHITTBNDEN and ALICE H. ALBRO. 

The brownish black animal pigments, collectively known as 
melanins, occurring normally and pathologically in the body, 
are characterized as a class by a somewhat high content of 
carbon, a relatively low content of nitrogen, and a variable, 
though usually high, percentage of sulphur. The presence of 
the latter element in very appreciable amounts constitutes one 
of the reasons for the belief that these substances have their 
origin in some proteid antecedent, while the absence of iron, in 
most cases, excludes the view that they originate from the 
blood pigment. In a recent contribution by Schmiedeberg f 
to the chemical composition and nature of melanins, emphasis 
is laid upon the possible origin of these substances in antial- 
bumid. This view is seemingly based upon the partial resem- 
blance in chemical composition between the latter substance 
and the melanins, — a resemblance which is indeed somewhat 
striking. As a cleavage product of the proteids, antialbiunid 
is characterized by a comparatively high content of carbon and 
a low content of nitrogen, and Schmiedeberg concludes that 
melanin may result from antialbumid by a process of hydrolytic 
cleavage comparable to the method by which the latter body 
results from albumin itself. He further points out that the 
sulphur of the antialbumid may remain with the melanin, thus 
accounting for the large amount of this element usually found, 
while ammonia and water are split off accordiug to the follow- 
ing equation: — 

CiaoHi87N„SO,7 = CijoHiuNgSO^ + 19NH, + 8H,0. 
Antialbumid. Melanin. 

* Reprinted from the Amer. Jonr. of Phjsiol., yoI. ii. 
t Schmiedeberg, Archiv f. Ezper. Pathol, u. FharmakoL, 1807, zzzlz, 
p. 66. 
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This formula for antialbumid is based upon an analysis of 
antialbumid prepared by Kiilme and Chittenden ♦ from serum- 
albumin, while the formula for the melanin is based upon the 
analysis of a product (melanoidic acid) prepared by Schmiede- 
berg t by boiling serum-albumin with 25 per cent hydrochloric 
acid for twelve hours. Schmiedeberg likewise prepared a 
melanoidic acid from the fibrinoses contained in Witte's 
" pepton " by heating these proteoses with phosphoric acid for 
two months. Ascribing to the proteoses present in Witte's 
" pepton " a formula with 102 atoms of carbon, he formulates 
the production of the melanin as follows : 

CiwHi5oN«,S03i + 18Hj|0 = CimHmNijSO,, + 18NH, + 17Hj|0. 
Fibrinose. Melanin. 

It is to be observed that these two artificial melanins or 
melanoidic acids differ from each other by nearly 6 per cent 
of carbon and 3 per cent of nitrogen, and that sulphur was 
determined in only one of the products, the amount found 
being 0.96 per cent While the data may be considered as 
perhaps hardly sufficient to justify such definite expressions 
as the above formulsB, the general trend of the argument is 
exceedingly interesting and important. Any one who has 
worked much with the proteids is aware how readily these 
substances yield dark colored solutions on boiling with dilute 
mineral acids ; a reaction not due to oxidation alone since it 
takes place readily even in the presence of reducing agents. 
It is thus evident that melanin-Uke substances may be formed 
from proteids by simple hydrolytic cleavage, and consequently 
the question at once arises how far the nature of the mother 
substance modifies the character of the resultant pigment. 
Further, is one proteid better adapted for the artificial pro- 
duction of a melanin than another proteid? How closely do 
the artificial melanins resemble in composition and general 
characters the natural pigments of this class? And lastly, 
how far can reactions of this kind be accepted as indicating 

• Kiihne and Chittenden, ZeitBchrif t f iir Biologie, 1883, ziz, p. 176. 
t Schmiedeberg, loc. cit., p. 60. 
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the mode of formation of the natural pigments common to 
the body in health and disease? Some of these questions 
we have endeavored to answer by the following experimental 
work. 

Formation of Melanin from Antialbnmid. — In view of the 
somewhat noticeable parallelism in composition between an- 
tialbumid and the melanins, attention was first directed to 
the possible formation of a pigment of this class by hydroly- 
sis of antialbumid. For this purpose a pure antialbumid of 
known composition was necessary, and since the latter body 
is prone to slight alteration by too vigorous hydrolysis par- 
ticular attention was paid to the conditions attending its 
formation. As the mother substance in the preparation of 
antialbumid, thoroughly washed coagulated egg-albumin was 
employed. In the hydrolysis, 2600 grams of the moist coag- 
ulum, pressed as dry as possible, were heated with 7 liters of 
3.0 per cent sulphuric acid in a large flask, filled quite to the 
neck to diminish oxidation, at 100^ C. (in a lai*ge Arnold 
sterilizer), for 10 hours. The gelatinous mass of impure 
antialbumid was thrown upon filters, allowed to drain, and 
after some washing with water, was transferred to a flask and 
heated with 3.5 per cent sulphuric acid for 10 hours, after 
which it was again filtered off and washed with water — by 
decantation and otherwise — until the washings were nearly 
or quite free from acid reaction. To remove any traces of 
unaltered proteid possibly present, as well as other impuri- 
ties, the antialbumid was next warmed at 38° C. for 30 hours 
with an active solution of pepsin-hydrochloric acid (0.2 per 
cent HCl), the soluble products removed by filtration, and 
the residual antialbiunid washed with water until the wash- 
ings gave no reaction with the biuret test, nor with silver 
nitrate for chlorine. The washing was facilitated, after the 
bulk of the soluble matter had been removed, by carefully 
adding to the antialbumid suspended in water sufficient dilute 
solution of potassium hydroxide to make the mixture quite 
neutral to test paper, thus aiding the removal of any loosely 
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combined stilphuric acid. Finally it was washed with weak 
and strong alcohol and lastly with ether. When diy, the 
finely powdered substance was repeatedly boiled with distilled 
water to insure the complete removal of any adherent soluble 
salts. 

Analysis of a sample of this product, dried at 110° C. until 
of constant weight, gave the following results : 

1. 0.3397 gram substance gave 0.2098 gram H^O = 6.86 per cent H and 

0.6654 gram CO, = 53.45 per cent C. 
II. 0.3489 gram substance gave 0.2114 gram H^O = 6.83 per cent H and 

0.6719 gram CO, = 53.29 per cent C. 
in. 0.2259 gram substance gave by the Kjeldahl method 0.03054 gram N = 

18.52 per cent N. 
IV. 0.2502 gram substance gave 0.08420 gram N = 13.70 per cent N. 
V. 0.6210 gram substance gave bj fusion with NaOH* and KNOg 0.1001 

gram BaSO^ = 2.21 per cent S. 
YI. 1.0297 grams substance gave 0.0081 gram ash = 0.80 per cent 

Pbrgbntaob Composition of thb Ash-fiusb Antialbuhid. 

L n. m. IV. V. Average. 

C 53.59 58.45 ... ... ... 58.52 

H 6.86 6.83 ... ... ... 6.84 

N 18.56 13.74 . . . 13.65 

S 2.22 2.22 

O ••• ... ... ••• ••• 23.77 

100.00 

Comparison of the following figures shows the relationship 
in composition between the antialbumid and the mother sub- 
stance from which it was derived. 

Coagolated Egg-alba]ntai.t Antialhamld. 

C 52.18 68.52 

H 6.93 6.84 

N 15.81 18.66 

8 1.87 2.22 

O 28.21 28.77 

Most conspicuous is the marked loss of nitrogen and the 
corresponding rise in carbon, — results which accord more or 

* Pure NaOH prepared from metallic sodium and free from sulphur. The 
fusion was made over an alcohol lamp. 

t Chittenden and Bolton, Studies in Physiological Chemistry, Yale Uni- 
versity, 1887. ii, p. 180. 
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less closely with the earlier data obtaiiied by EUhne and Chit- 
tenden.* Also noticeable is the somewhat larger percentage 
of sulphur present in antialbumid. A large amount of this 
sulphur exists loosely combined in the antialbumid molecule, 
and the question at once arises whether this loosely combined 
sulphur can be driven off by continued hydrolysis with dilute 
sulphuric acid. This point was tested by taking a portion 
of the antialbimiid prepared as above and heating it further 
with 3 per cent sulphuric acid. After exposure at 100** C. 
in the sterilizer for 6 hours the acid fluid was found to yield 
a strong reaction for loosely combined sulphur, while the 
residue of antialbumid gave an equally marked reaction for 
loosely combined sulphur. The acid fluid was therefore 
filtered off, the antialbumid washed with water, and again 
heated for some hours with fresh 3 per cent sulphuric acid. 
This process was repeated until the aggregate period of heat- 
ing had reached 38 hours, at the end of which time the last 
acid fluid was found free from loosely combined sulphur. 
The antialbumid remaining, however, stQl gave a striking 
reaction for sulphur with potassium hydroxide and plumbic 
acetate, thus showing that the loosely combined sulphur con- 
tained in the antialbmnid molecule cannot be removed entirely 
by this method of hydrolysis. Especially noteworthy was 
the continued shrinkage of the antialbumid during this long 
process of heating with the dilute acid, until at the termina- 
tion of the treatment the substance was greatly diminished in 
bulk, — a fact which accords with Schutzenberger's f original 
observations that this substance, when heated continuously 
with dilute acid, slowly but progressively disappears. Some- 
what noticeable, however, is the fact that such portion of the 
antialbumid as does resist this long continued action of the 
dilute sulphuric acid is not widely different in composition 
from the original antialbumid. Thus, analysis of the product 
remaining after the 38 hours' heating gave the following 
results : 

« Euhne and Chittenden, Zeitschrift fflr Biologie, 1883, x]z, p. 176. 
t Schiitzenberger, Bulletin de la soci^t^ chimique de Paris, 1875, xxiii, 
p. 161. 
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I. 0.1971 gram substance gave 0.1246 gram HjO = 7.01 per cent H and 

0.8987 gram COj = 64.48 per cent C. 
II. 0.8016 gram substance gave 0.6036 gram CO^ = 64.68 per cent C. 

III. 0.2972 gram substance gave by the Ejeldahl method 0.04118 gram N = 

13.84 per cent N. 

IV. 0.2093 gram substance gave 0.02860 gram N = 18.66 per cent N. 

V. 0.6487 gram substance gave by fusion with NaOH and ENOg 0.1068 gram 
BaS04 = 2.63 per cent S. 
YI. 0.4770 gram substance gave 0.0016 gram ash = 0.81 per cent. 



Febcentagb Composition of the Ash-frbb Substangb. 

IIL lY. y. Avflngtt. 

64.70 

7.02 

13.88 ia71 . . . 18.79 

2.64 2.64 

21.86 
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n. 


c 


64.66 


64.76 


H 


7.02 


• . . 


N 


. . , 


. . • 


S 


. . . 


. . . 





. . . 


. . . 



100.00 

From these data it is evident that the antialbumid which 
has resisted this long continued treatment with dilute sul- 
phuric acid has gained somewhat in its content of sulphur 
and still more in its content of carbon. Niti'ogen, on the 
contrary, remains essentially the same. This tendency of an 
antialbumid, on hydrolysis, to grow richer in carbon usually 
at the expense of the nitrogen is exceedingly characteristic. 
Thus, it was found by Kuhne and Chittenden ♦ on subjecting 
a sample of antialbumid (from egg-albumin) to the action of 
an alkaline solution of trypsin that the antialbumid remaining 
undigested contained 55.54 per cent of carbon when dry, 
while the original antialbumid contained 53.79 per cent of 
carbon. Similarly, an antialbumid, prepared from serum- 
albumin, containing 54.51 per cent of carbon and 14.31 per 
cent of nitrogen, on being subjected to the action of trypsin 
in an alkaline medium yielded an undigested residue contain- 
ing 58.09 per cent of carbon and 12.61 per cent of nitrogen ; 
results which clearly testify to the innate tendency of antial- 
bumid under suitable conditions to undergo hydrolysis and 
presumably 3,lso cleavage with formation of a more insoluble 
and resistant body, of the antialbumid type, with a higher 
content of carbon. 

* Kiihne and Chittenden, loc. dt 
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With a view to the possible preparation of a melanin, 80 
grams of pure dry antialbumid (the first sample analyzed) 
were placed in a flask with 800 c.c. of 10 per cent sulphuric 
acid, the flask connected with an inverted Liebig's condenser, 
and the mixture boiled directly over a flame for 79 hours. 
When first heated, the acid was almost colorless, but as 
decomposition progressed the color changed first to purple 
and finally to jet black. Early in the course of the heating a 
light film, shown later to be composed of fatty acids, was 
deposited on the sides of the condenser, and the odor of 
volatile fatty acids was very distinct.* As the boiling pro- 
gressed, bright yellow crystals in rosettes were seen, both 
within the condenser and clinging to the neck and sides of 
the flask. These crystals were eventually collected and 
tested. They burned with a blue flame, forming acid fumes ; 
they were insoluble in water, alcohol, and ether, but rapidly 
soluble in carbon disulphide. From the latter fluid they 
recrystallized in the characteristic rhombic octahedra of native 
sulphur. 

At the conclusion of the 79 hours of heating, and after the 
acid fluid had cooled, the mixture was filtered through paper, 
leaving a residue of black amorphous matter, while the clear 
filtrate was quite black in color. Obviously, the fluid con- 
tained considerable black pigment in solution, but owing to 
the large admixture of leucin, tyrosin, and other substances 
present, attempts to isolate the pure pigment from the solution 
were not very successful. Attention was therefore directed 
to the' insoluble pigment on the filter paper. This was washed 
with water until free from acid, and then with alcohol and 
ether, in all of which it was insoluble. As the pigment was 
found to be extremely soluble in weak alkalies, the precipitate 
was treated with a very little 0.2 per cent potassium hydroxide 
solution, in which it quickly dissolved, leaving a small slate- 
colored residue (too small to identify) which was readily 
washed free from the melanin-like substance. Although the 
volume of the weak alkaline fluid with the washings now 
* See R. Cohn, Zeitechp. f. physiol. Chem., 1896, xxii, p. 163. 
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amounted to full 500 c.c. the clear fluid was jet black in 
color and absolutely opaque to light. On neutralization of 
this fluid with dilute acetic acid the melanin was reprecipitated 
in large dark flocks, leaving a colorless transparent fluid. 
The pigment was filtered off, washed entirely free from salts 
with water, and thoroughly extracted with alcohol and ether, 
after which it was dried to a constant weight at 105° C. 
When dry the preparation weighed 1.498 grams, equal to 
practically 6 per cent of the original antialbumid. 
On analysis this substance gave the following results : 

I. 0.8508 gram substance gave 0.2249 gram HjO = 6.94 per cent H and 0.7158 

gram COj = 54 26 per cent C. 
IL 0.2044 gram substance gave bj the Kjeldahl method 0.02458 gram 
N = 12.00 per cent N. 

III. 0.2278 gram substance gave 0.0278.3 gram N = 12.00 per cent N. 

IV. 0.8691 gram substance gave by fusion with NaOH and KNOg 0.2068 gram 

BaSO^ = 7.70 per cent 8. 

Percentage Composition of the Melanin.* 

n. m. rv. Arenge. 

64.26 

6.94 

12.00 12.00 . . . 12.00 

7.7 7.70 

A second decomposition, using a larger amount of the same 
antialbumid — 61 grams — was now attempted under exactly 
the same conditions as before, except that the acid mixture 
was boiled for 110 hours. Fatty acids and free sulphur were 
detected as before, while the same separation of a black 
pigment took place. The latter was collected on two filters 
and the precipitates washed as already described, after which 
the larger precipitate was dissolved in water containing a 
little ammonia, the clear filtered solution precipitated by 
neutralization with 0.2 per cent hydrochloric acid, and the 
precipitate thoroughly washed with water, alcohol and ether. 

* The ash could not be determined with any accuracy owing to the 
scarcity of substance, but the small amount of ash left in the platinum tray 
in the determination of carbon made it quite clear that not more than a small 
fraction of 1 per cent could be present. 
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When diy, it weighed 2.728 grams. The smaller portion of 
crude melanin was dissolved in .0.2 per cent solution of 
potassium hydroxide and the clear filtered solution precipi- 
tated with dilute hydrochloric acid, etc., as just described. 
When dry this preparation weighed 0.675 gram. Hence, the 
total yield of melanin insoluble in the 10 per cent sulphuric 
acid amounted to 3.403 grams, or 5.5 per cent of the original 
antialbumid. 

The melanin formed in this decomposition — the portion 
which had been purified by solution in dilute ammonia — 
gave on anal3'sis the following results, after being dried at 
105^ C. 

I. 0.3140 gram substance gave 0.2130 gram HgO = 7.63 per cent H and 

0.6681 gram COj = 57.60 per cent C. 
IL 0.2012 gram substance gaye 0.1300 gram EUO = 7.17 per cent H and 

0.4267 gram CO, = 67.86 per cent C. 
m. 0.2247 gram substance gave by the Kjeldahl method 0.02671 gram N = 

11.88 per cent N. 
IV. 0.2245 gram substance gave 0.02656 gram N = 11.83 per cent N. 
y. 0.5479 gram substance gave by fusion with NaOH and KNOg 0.1749 

gram BaS04 = 4.39 per cent S. 
VI. 0.4050 gram substance gave hy fusion with NaOH and KNOg 0.1258 

grram BaS04 = 4.27 per cent S. 
VIL 0.4616 gram substance gave 0.0026 gram ash = 0.54 per cent. 

Percentage Composition of the Ash-fbeb Substance. 

m. IV. V. VL Avenge. 

68.06 

7.89 

11.94 11.90 11.92 

4.41 4.29 4.86 

}%^ 

100.00 

The smaller fraction of this same melanin which had been 
purified by solution in 0.2 per cent potassium hydroxide con- 
tained the following percentages of nitrogen and sulphur : 

0.2046 gram substance gave bj the Kjeldahl method 0.02379 gram N = 11.63 

per cent N. 
0.4070 gram substance gave by fusion with NaOH and KNOg 0.1272 gram 

BaSO^ = 4.29 per cent 8. 
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These results seemingly show that the sulphur and nitrogen 
content of the melanin is not materially affected by the 
character of the alkali used to dissolve it, — i. e, a fixed alkali, 
when dilute, causes no marked withdrawal of sulphur or 
nitrogen. Natural pigment from hair or epidermis when 
treated with 10 per cent solution of potassium hydroxide, and 
then reprecipitated by acid is liable to lose both nitrogen 
and sulphur,* but whether this is due to a change in the pig- 
ment itself produced by the strong alkali, or whether due to 
the withdrawal of contaminating substances derived from the 
original pigmentary granules, is uncertain. 

Let us compare now the composition of our artificial melanins 
with that of the antialbimiid from which they were derived. 







79 Hours* Boiling. 


110 Hours* Boiling. 
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63.52 


64.26 


68.05 


64.70 
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13.66 
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11.92 


18.79 
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7.70 


4.35 


2.64 



The results seemingly justify the conclusion that these 
melanins formed from antialbumid originate not by simple 
hydrolysis, but by a process of hydrolytic cleavage, the pig- 
ment holding the position of a cleavage residue, the exact 
composition of which depends upon the extent or intensity of 
the cleavage process. Further, it is evident that this melanin- 
like residue, i. e. the true pigment, is either contaminated by 
some substance or substances, which accounts for the marked 
variation in composition, or else that under the term melanins 
we have a class of related bodies more or less alike in their 
physical properties but unlike in chemical composition. Cer- 
tainly, our knowledge regarding the composition of the 
natural melanins lends favor to the latter view, for it is a 
well-known fact that certain melanins are exceedingly rich 

* See Abel and Davis, Journal of Experimental Medicine, 1896, i, p. 391. 
Also, M. Nencki and N. Sieber, Arcbiv f. exper. Pathol, u. Pharmakol., 1887f 
xxiv, p. 17. 

t After 88 hours' heating with 3 per cent sulphuric acid. 
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in sulphur (10 per cent), like the phymatorhusin of Berdez 
and Nencki,* while others, like the choroidal pigment,! ^^^ 
entirely free from sulphur. Again, while the majority of 
these pigments contain practically no iron at all, others con- 
tain 0.5 per cent of this element.^ Hence there may be 
justification for the suggestion made by Brandl and Pfeiffer § 
that the melanins should be divided into groups to be desig- 
nated as ferro-melanins, sulpho-melanins, etc. The melanins 
which we have prepared from antialbumid are practically free 
from iron, the ash containing only the merest trace of this 
element. Somewhat suggestive is the fact that in both of our 
experiments with antialbumid, in spite of the difference in the 
length of the hydrolytic process, the yield of melanin in both 
cases amounted to about 5 per cent. 

Formation of melanin from so-oaUed hemipeptone. — Having 
demonstrated the possibility of preparing a melanin-like sub- 
stance by the hydrolysis of antialbumid, the question naturally 
arose whether bodies of the so-called hemi class will likewise 
yield a melanin by hydrolysis. To test this point, so-called 
hemipeptone formed by the hydrolysis of coagulated egg- 
albumin with 8 per cent sulphuric acid was employed. The 
peptone was prepared by using the acid fluid, resulting in the 
formation of antialbumid. The fluid was neutralized with 
ammonia, the filtered solution concentrated, and the albumoses 
separated collectively by saturation of the fluid with ammonium 
sulphate, after the method suggested by Kuhne.|| After 
complete removal of the albumoses, the excess of ammonium 
sulphate was separated by alternate concentration and crys- 
tallization, after which the last portions of the salt were 
removed by treatment with barium carbonate.^ The filtrate, 

* Berdez and M. Nenckl, Archir f. exper. Pathol, u. Pharmakol., 1880, xz, 
p. 846. 

t Sieber, Ibid., 1886, xx, p. 862. 

t See Brandl and Pfeiffer, Zeitschrift filr Biologie, 1800, xxri, p. 848. 

§ Log. cit. 

II Kiihne, Zeitschrift fur Biologie, 18fl2, xxix, p. 1. 

If See Chittenden, Mendel, and Henderson, Amer. Jour. PhysioL 1899, ii, 
p. 17a 
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freed from all traces of barium by cautious addition of dilute 
sulphuric acid, was concentrated to a syrup and the peptone 
precipitated by alcohol. The product was purified somewhat 
by repeated boiling with alcohol and thorough extraction with 
ether. 

In the production of a melanin 90 grams of this hemipep- 
tone were boiled for 98 hours with 2 litres of 10 per cent sul- 
phuric acid. The fluid rapidly became black in color, and 
gradually there occurred a small separation of a bkck pigment. 
There was also noticeable, especially toward the end of the 
boiling, the odor of volatile fatty acids, and some slight crys- 
tallization of fatty acids upon the walls of the condenser could 
be detected likewise. There was however no evidence of the 
splitting off of free sulphur, so conspicuous with antialbumid. 
At the expiration of the 98 hours, the fluid was cooled, and 
the melanin-like substance collected by filtration. The very 
dark filtrate on standing and concentrating continued to 
deposit small portions of black pigment, the process being 
repeated until several fractions were obtained. The fluid, 
however, still gave evidence of the presence of considerable 
pigment in solution. The united fractions of pigment were 
washed thoroughly with water, then dissolved in 0.2 per cent 
solution of potassium hydroxide and the filtered fluid precipit- 
ated by neutralization with 0.2 per cent hydrochloric acid. 
The pigment was next washed free from soluble salts with 
water and extracted with alcohol and ether. When freshly 
precipitated, this melanin, unlike that prepared from antialbu- 
mid, was somewhat soluble in water, but if allowed to dry 
upon the filter it could be washed with water without loss. 
The amount of pigment obtained was 0.9 gram, equal to 1.0 
per cent of the original hemipeptone. 

When dried at 105® C. until of constant weight, it gave on 
analysis the following results: 

I. 0.2485 gram gnbetance gave 0.0816 gram HjO = 8.72 per cent H and 

0.6156 gram COj = 57.75 per cent C. 
n. 0.2068 gram substance gave bj the Ejeldahl method 0.01986 gram 
N = 9.60 per cent N. 
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IIL 0^796 gram Bubstance gaye bjfnsion with NaOH and KNO| 0.0669 gram 

BaSO^ = 2.79 per cent S. 
IV. 0.2486 gram substance gave 0.0192 gram ash = 6.11 per cent 

Pehcbntaob Compositiox of thb Ash-freb Substaxcb. 
L IL m. AT«nge. 

C 61.60 ... ... 61.60 

H 3.97 ... ... 8.97 

N ... 10.23 . . . 10.23 

S ... ... 2.98 2.96 

O ... ... ... 21.82 

100.00 

It is thus plainly evident that the melanin obtained from 
hemipeptone is widely different in chemical composition from 
the corresponding body obtained from antialbumid. It re- 
sembles in its content of carbon the melanin-like body pre- 
pared by Schmiedeberg from Witte's "pepton," but differs 
widely from it in the amount of both nitrogen and sulphur. 
It would seem that the artificial melanins differ as widely 
among themselves in composition as the natural melanins 
obtainable from melanotic tumors, etc., or from normal 
pigmentary deposits. Certainly the contrast between the 
melanoidic acid with its 66 per cent of carbon obtained by 
Schmiedeberg from serumalbumin and the corresponding pig- 
ments with 54, 58, and 61 per cent of carbon respectively 
obtained by us from antialbumid and hemipeptone, is veiy 
striking. 

Reactions of the melanins. — The pigments formed in the 
manner described above were practically insoluble in water, 
although, as stated, the sample obtained from hemipeptone 
was somewhat soluble when freshly precipitated. They were 
likewise insoluble in alcohol, ether, chloroform, etc., but readily 
soluble in exceedingly dilute alkaline fluids. They thus differ 
in some slight degree from the pigment isolated by Abel and 
Davis* from the negro's skin. Further, these pigments seem- 
ingly retain their solubility in dilute alkalies in greater degree 
than the pigments described by Abel and Davis or the melan- 
oidic acid prepared by Schmiedeberg f from serum-albumin. 

* Abel and Davis, Journal of Experimental Medicine, 1890, i, p. 886. 

t Schmiedeberg, Archir f . Exper. Pathol, u. Pharmakol., 1897, xxix, p. 66. 
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When diy, the pigments were more or less jet black in color, 
and when dissolved in dilute alkali they yielded yellowish 
brown, brown or black colored solutions according to the 
degree of concentration. These solutions show no absorption 
bands when examined before the spectroscope, but absorb a 
certain amount of light at the violet end of the spectrum. 
Unlike the melanin obtainable from the negro's skin,* our 
pigments were soluble in glacial acetic acid, but were not 
precipitable therefrom by potassium ferrocyanide. Alkaline 
solutions of these artificial melanins were completely bleached 
by chlorine. 

Heated on platinum foil, our products, like the pigments 
described by Abel and Davis, gave off at first fumes of pyrrol, 

— tested by a pine-sliver moistened with hydrochloric acid, 

— but these soon ceased, leaving a coal-black residue very 
diflBcult of combustion. 

From alkaline solutions, the pigments were precipitated by 
cupric sulphate, silver nitrate, plumbic acetate, and baryta 
water. By strong nitric acid the pigments were dissolved, 
but precipitated again on addition of water. 

From these few reactions it is seen that our artificial 
melanins or melanoidins, to use Schmiedeberg's term, differ 
only in minor degree from the melanins or pigments obtained 
by Abel and Davis from the skin and hair of the negro, or 
from the melanins studied by other observers. 

Comparison of the oomposition of the artificial melanins with 
that of natural melanins, eto. — Our own results bearing on the 
chemical composition of the melanin-like pigments obtainable 
by decomposition of proteids emphasize the view that these 
substances are many in number, and that, while having many 
points in common, they differ widely from each other in com- 
position, owing no doubt in part to variations in the extent or 
intensity of the hydrolytic cleavage by which they are pro- 
duced. This we fancy is a far more potent factor than the 
character of the individual proteid from which they are derived. 
Thus, in our experiments with antialbumid, the first prepara- 

* Abel and DariB, loc. cit. 
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tion of melanin resulting from 79 hours' boiling of the proteid 
with sulphuric acid contained 64 per cent of carbon, while the 
second preparation resulting from 110 hours' boiling contained 
68 per cent of carbon. Further, in the content of sulphur the 
differences were still more striking. The table on page 368, 
showing the compo^tion of melanins from various sources, 
affords evidence of the extent to which these black pigments 
may differ from each other in chemical composition as well as 
indicating the extent to which the artificial melanins resemble 
the natural pigments. 

These figures, which are fairly typical of the composition of 
the various melanins hitherto studied, show quite clearly how 
widely these bodies may vaiy in composition ; yet throughout the 
entire Ust, as well as in many other preparations not tabulated, 
there is to be f oimd almost invariably a relatively high content 
of carbon and a low content of nitrogen. Further, in all but the 
choroidal pigment, sulphur is very conspicuous. These facts, 
coupled with the inappreciable amoimts of iron usually found, 
strengthen belief in the theory that these pigments, whether 
formed normally or as a result of pathological conditions, have 
their origin not in the haematin molecule but in proteid matter. 
Further, we see in the experiments of Schmiedeberg, as well 
as in our own results, evidence that serum-albumin, proteoses, 
antialbumid, and hemipeptone may all yield melanin-like sub- 
stances by simple hydrolytic cleavage, — pigments which in 
composition and reaction differ from the natural pigments no 
more widely than the latter differ from each other. No two 
melanins are exactly aUke in composition, and the artificial 
bodies, certainly, are exceedingly prone to vary in composition 
with variations in the method of preparation; especially, 
variations in the extent and intensity of the hydrolytic cleavage. 
In the hydrolytic cleavage induced by boiling acids, proteid 
substances tend to lose nitrogen, partially as ammonia and 
partially in the form of amido-acids and nitrogenous bases, 
while the artificial melanins simultaneously formed appear to 
have their origin in the carbon-rich residue left after the 
splitting off of these nitrogenous radicals. For this reason, 

24 
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perhaps, antialbumid is especially well adapted to be the 
mother substance of a melanin. Between antialbumid and the 
meknins there is a certain recognizable kinship in composition, 
which renders the formation of a melanin-like pigment from 
this peculiar form of proteid matter an easy task. It is equally 
clear, from our experiments, however, that melanin may be 
formed likewise from such dissimilar proteid substances as 
so-called hemipeptone, from which we are forced to the con- 
clusion that no one form of proteid matter is the sole antecedent 
of these peculiar brownish black pigments. 



Digitized by VjOOQIC 



A NOTE ON THE CHOLESTERIN-ESTERS OF 
BIRDS' BLOOD.* 

By ERNEST W. BROWN. 

The inteiestmg inyestigations of Hiirthle f have demonstrated 
that cholesterin occurs normally in combination with fatty 
acids in the blood-serum of mammals. It has been pointed out 
that the failure to recognize these cholesterin-esters has been 
due to the methods employed in the search for cholesterin. 
Thus the customary procedure has been to saponify ether 
extracts of animal tissues and fluids with alcoholic potash for 
the purpose of transforming any fats present into soaps, and 
in this way permitting a more successful subsequent separation 
of cholesterin by means of ether.J The method obviously 
precludes the possibility of obtaining cholesterin-esters as 
such. By avoiding the saponification, however, Hiirthle has 
succeeded in demonstrating the presence of cholesteryl oleate 
in the blood-serum of the dog, sheep, pig, ox, and horse, 
and in the lymph obtained from the thoracic duct of the dog. 
Cholesteryl palmitate was also obtained, although in much 
smaller quantities; while cholesteryl stearate could not be 
isolated. The quantities of the cholesterin-esters present in 
the blood were approximately determined as follows: 

Gbolflrteryl OlMito. Cholesteryl Pilmftete. 

Horse .... 0.06 per cent 0.006 per cent 

Calf 0.09 " 0.008 " 

Dog 0.12-0.22 " 

The percentage of cholesteryl oleate was observed to vary in 
the dog with the condition of the animal, being increased 
during hunger.§ 

* Reprinted from the Amer. Jour, of Phjsiol. vol. ii. 
t Hflrthle, Zeitschrift f. phygiol. Chemie. 1896, xxi, p. 331. 
X Cf. Hoppe-Seyler, MediciniBch-chemische UnterBnchungen, 1866, p. 143. 
§ Cf. Hoppe^eyler, loc. cit, p. 145; Schulz, Fr. N., Arch. f. d. ges. Physiol, 
1896, IxT, p. 299. 
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In his contributions to the chemistry of the blood, Hoppe- 
Seyler * has recorded analyses of the blood of the goose which 
indicate that cholesterin is present in the serum of this species 
in quantities approaching those of the ox. 

In the course of some experiments in this laboratory, on the 
chemistry of birds' blood, the blood-serum of the hen, turkey, 
goose, and duck has been examined for cholesterin-esters. 
The observations made are recorded briefly here, since they 
verify and extend the investigations of Hlirthle, whose 
methods have been employed, for the most part, in the prepsr 
ration of the esters. The blood-serum was usually precipitated 
with three volimies of alcohol ; after standing, the precipitate 
was filtered off and extracted with fresh alcohol for two or 
three days at 40** C. Good results were obtained by keeping 
the precipitate continually agitated in the warm alcohol by 
means of a slow current of air. The filtered extract deposited 
the characteristic small needle crystals of the oleate on stand- 
ing in the cold, while the surface of the alcohol was usually 
covered with a slight film having a more or less crystalline 
character (cholesteryl palmitate). The film was separated as 
far as possible, and the larger mass of fine needle crystals, 
often grouped in rosettes, was filtered off, washed witii cold 
alcohol, and dried in vacuo over sulphuric acid. The crystals 
thus obtained were weighed, in order to afford an approximate 
idea of the quantity of material obtainable from the various 
serums ; this method, as HUrthle has observed, by no means 
gives accurate determinations, inasmuch as quite appreciable 
quantities of the corresponding ester remain in solution in the 
alcohol used. The precipitated serum residues were usually 
re-extracted with warm alcohol, and finally treated with 
alcohol-ether for the separation of the remaining cholesteryl 
palmitate. The yield of substance in the latter process was 
always small. The ester preparations obtained were purified 
by recrystallization from alcohol, until the melting points cor- 
responded with those found by HUrthle. In some cases the 
composition of the product was further established by an 
* Hoppe-Sejler, loc. cit, p. 146. 
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elementary analysis. The substances isolated all gave th^ 
cholesterin-like reactions described for them. 

Hen sezxim. — Several preparations of cholesteryl oleate were 
separated from the serum of hens' blood and purified. They 
all melted at 43-44^ C. An analysis of two products gave 
the following results: 

Analysis of Cholestertl Oleatb. 

PreiMnti<m I. Prapantlon n. H&ithle's Avenge. O^KnOt'.Thoary, 
percmt. percent. percent percent. 

Carbon 82.68 82.49 82.84 83.02 

Hydrogen 12.04 11.90 11.77 11.96 

The approximate yield of cholesteryl oleate did not vary 
greatly. Thus : 

L 600 C.C. serum yielded 0.24 gram = 0.06 per cent 
n. 610C.C. " 0.19 " =0.03 " 

HLieeOcc. « 0.78 " =0.06 «* 

IV. 2200C.C •* 1.05 " =0.05 

From over four liters of serum about 0.2 gram sub- 
stance was obtained, having a melting point (after recrystal- 
lization) of 77-78° C. and thus corresponding with the 
cholesteryl palmitate. The crystalline form also confirmed 
this deduction. 

Turkey senim. — In one instance a relatively large yield of 
cholesteryl oleate was obtained from turkey serum. Thus : 

L 600 C.C. serum yielded 0.87 gram = 0.06 per cent 
n. 1000 C.C. " 1.48 " = 0.14 

The preparations melted at 48-44** C. and one of them (II.) 
showed the following composition on analysis : 

Carbon 82.84 per cent. 

Hydrogen 11.79 

A preparation corresponding in crystalline form and solu- 
bilities with cholesteryl palmitate melted (after recrystalliza- 
tion) at 77-78° C. 

Goose sernm. — From 220 c.c. of this serum about 150 mgr. 
(0.07 per cent) of characteristic rosettes of needles were 
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obtained; they melted after recrystallization at 43-44° C, 
thus corresponding to cholesteryl oleate. 

Duck serum. — Considerable difficulty was experienced in 
obtaining characteristic cholesteryl oleate preparations from 
duck serum. The products showed admixture of apparently 
amorphous material, and melted at about 60° C. From one 
half liter serum, however, about 0.4 gram (0.08 per cent) of 
crystals was obtained. After recrystallization, the crystals 
melted at 42-44° C. By extracting the serum residue with 
alcohol-ether, one half gram of a crystalline product was 
obtained. The preparation, when purified, melted at 76° C, 
giving evidence of the probable presence of a considerable 
quantity of cholesteryl pahnitate (melting, when pure, at 
77° C). 

The blood-oorpuBcles. — That cholesterin may occur in an 
uncombined state in the blood-corpuscles seems probable from 
the recent analyses of Abderhalden,* who found jioticeable 
quantities of cholesterin in them, while fatty acids were 
absent, or present only in very small amounts. The older 
statements of Hoppe-Seyler f lead to similar conclusions ; and 
Wooldridge X stated that he obtained cholesterin free from 
fats and lecithin by extracting the stroma of blood-corpuscles 
with cold ether. In the present experiments, crystals of 
cholesterin were repeatedly obtained from the blood-corpuscles 
by direct extraction with ether. The corpuscles were separated 
from defibrinated blood by centrif ugalization or by subsidence, 
and after treatment once or twice with one per cent sodiimi 
chloride solution to remove any adherent serum, were rendered 
laky and extracted. The ether extract corresponded in its 
behavior with the description given by Wooldridge; on 
evaporation it yielded a residue of needle-shaped crystals 
occasionally arranged in rosettes. After recrystallization 

* Abderhalden, Zeitschrif t f . physiol. Chemie, 1897, xziii, p. 522 ; Ihid., 1806» 
XXV, p. 108. 

t Hoppe^yler and Thierfelder, Handbnch der chemischen Analyse ffir 
Aerzte, p. 408. 

t Wooldridge, Archir fflr Physiologie, 1881, p. 889. 
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from alcohol-etiher the more characteristic rhombic tables 
appeared. These crystals showed the characteristic color 
reaction with chloroform and concentrated sulphuric acid, and 
the absence of fats or fatty acids was demonstrated by the 
fact that they melted at a temperature above 100° C. The 
corpuscles of the sheep, dog, hen, and turkey were examined, 
and cholesterin crystals obtained in every instance.* 

I desire to acknowledge the kind advice of Professor 
Lafayette B. Mendel, at whose suggestion these experiments 
were carried out. 

* Since the preceding account was sent for publication, a paper by 
E. Hepner, ** Ueber den Cholestearingehalt der Blutkorperchen/' has appeared 
in the Archly f. d. ges. Physiol., 1899, Ixxiii, p. 596. The cholesterin-content 
of the corpuscles of the dog and horse was determined ; free cholesterin was 
also detected in the blood-plasma. 
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METABOLISM IN THE SUBMAXILLARY GLAND 
DURING REST AND ACTIVITY.* 

Bt YANDELL HENDERSON. 

The data at hand on the question whether, coincidently with 
the elimination of their characteristic products, the salivary 
glands take up nutriment during secretion, offer an apparent 
contradiction. Histological changes and the decrease both in 
weight and percentage of solids in an active gland indicate, as 
Heidenhain expresses it, that ^^ at definite times the cells absorb 
from the blood or lymph definite substances ; these substances 
are at definite times transformed ; and at definite times these 
transformed substances are eliminated by the cells." f In 
contrast to this view are the experiments of Pawlow.f His 
investigation was performed upon dogs in which the chorda 
tympani and sympathetic nerve supplying the left submaxil- 
lary gland were severed. Secretion was excited in the right 
submaxillary by electrical stimulation of both sciatic nerves, 
for periods varying from one and a half to five hours. The 
saliva obtained, as well as the active and resting glands, were 
analyzed for nitrogen by the Kjeldahl method. Ten active 
glands from the right side yielded 1.872 grams of nitrogen, and 
the saliva secreted by them 0.416 gram — a total of 2.288 grams 
of nitrogen ; while the ten resting glands from the left side gave 
2.177 grams of nitrogen. Commenting upon these figures, 
Langley § points out that they " are not such as we should ex- 
pect from the microscopical appearance of the gland cells. . . . 
The stimulated glands had lost during secretion about ^ of 
their nitrogen-holding substance ; " the saliva secreted con- 
tained approximately ^ of the nitrogen of the resting glands, 

* Reprinted from the Amer. Jour, of Physiol., toI. iiL 

t Heidenhain, Hermann's Handbnch der Pbysiologie, t, p. 68. 

X Pawlow, Centralblatt far Physiologie, 1888, ii, p. 187. 

§ Langley, Schaefer's Textbook of Physiology, 1898, i, p. 488. 
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*'*' SO that presumably the active glands had taken up during 
secretion about 0.1 gram of nitrogen," or ^ of the total 
amount Thus, with regard to the nitrogenous or proteid 
metabolism of the active gland, anabolic and katabolic pro- 
cesses are to a considerable extent coincident 

The method employed by Pawlow is perhaps open to slight 
criticism, in that the stimulated glands were all on the right 
side; and apparently he did not exclude the possibility of 
errors due to exceptional variations between the glands on 
the two sides. Pawlow did indeed find the nitrogen content 
of the normal right and left submaxillary glands from ten dogs 
to be remarkably concordant, — amounting to 1.978 and 1.979 
grams of nitrogen, respectively.* On the other hand, in 
eleven dogs Bidder found the left submaxillary heavier than 
the right ; and Heidenhain reported a similar observation in 
two cases. 

The question involved is of importance for the theory of 
secretion. It seemed desirable, therefore, to renew investiga- 
tion with special reference to the criticisms outlined. The 
experience of the writer indicates that although differences do 
occur to the extent of 16 per cent in the weight of the glands 
on the two sides, yet the preponderance is not more often on 
the one side than the other. As a rule the normal right and 
left submaxillary glands agree closely in weight, dry solids, and 
nitrogen content, as the f ollo\ving typical analysis shows : — 

TABLE I. 
Large dog of fifteen kUos. 





Wttiffhtof 
Oland. 


DrySoUdB. 


NltrogoL 


Right submaxiUaiy . . 
Left submaxillary . . . 


grm. 
8.48 
8.24 


gnn. 
2.186 
2.126 


grm. 

0.2448 
0.2424 



The method employed in the present investigation was as 
follows: Dogs of various weights were allowed to fast for 
* Pawlow, loc. cit, p. 188. 
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twenty-four hours, in order to insure a resting condition of 
the glands. Water was given ad libitum. Anaesthesia was 
maintained (after the subcutaneous injection of a small dose 
of morphine) by continued administration through a tracheal 
cannula of a chloroform-ether mixture in just sufficient amount 
to insure the quiescence of the animaL Secretion was excited 
by electrical stimulation of the chordo-lingual nerve for periods 
varying from one and a half to seven hours, and the saliva was 
collected. The choice of the gland for stimulation was not 
confined to one side. In order to discover how far differences 
in the weight and composition of the glands can be assigned 
to merely vascular changes, the conditions of experiment were 
varied. Thus, in a few cases the chorda going to the resting 
gland was not disturbed ; in the others, it was severed at the 
same time as the stimulated nerve. In two cases the animals 
were killed with chloroform, while a vigorous stimulation was 
maintained. In the others, the dogs were bled to death at 
periods which were varied from thirty seconds to fifteen min- 
utes after the last stimulation. In all cases both glands were 
removed immediately after death, carefully separated from their 
capsules, and weighed. They were then comminuted, and 
treated with absolute alcohol for several hours; the alcohol 
was evaporated off; the tissue was dried at 110'' for eight 
hours, and weighed. Finally, the saliva and the solids thus 
obtained were analyzed for nitrogen by the Kjeldahl method. 
As the results of the experiments failed to show any notice- 
able differences assignable to the variations in experimental 
condition, the differences between the stimulated and resting 
glands afford an indication and a measure of the changes 
within the secreting cells. Tables II and III give the re- 
sults of nine experiments. 

The figures show that during activity the submaxillary gland 
undergoes a marked loss of weight. This loss, calculated on 
the total weight of the nine active glands, as compared with 
the resting, amoimts to 8 per cent. If Experiment III be 
excluded, it amounts to 7 per cent; and if Experiments 
VIII and II be considered separately, the difference in the 
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TABLE HL 
Expressing results of analyses in percentages. 





8oUd« in Olandi. 


Nitrogen in OUumU. 


Nitrogen in Total 8o]id8.| 


■zperlment 














ActiTe. 


Beeting. 


Acthre. 


Resting. 


ActlTe. 


Besting. 




percent. 


per cent. 


percent. 


percent. 


percent. 


percent 


L 


22.6 


24.2 


2.14 


2.24 


9.62 


9.26 


II. 


26.9 


24.8 


8.27 


2.82 


12.13 


11.40 


m. 


23.7 


24.8 


2.88 


2.88 


12.18 


11.65 


IV. 


25.6 


25.3 


2.91 


2.87 


11.40 


11.83 


V. 


... 


• • . 


2.84 


2.66 






VI. 


28.5 


25.6 


2.69 


2.84 


11.44 


11.16 


VII. 


24.0 


26.4 - 


2.80 


2.92 


11.69 


11.06 


VIII. 


21.8 


24.3 


2.60 


2.86 


12.24 


11.74 


IX. 


28.7 


26.0 


2.70 


2.82 


11.41 


11.26 


Average 


23.9 


25.0 


2.76 


2.77 


11.50 


11.10 



weight of the active and that of the resting glands reaches 
even 10 and 18 per cent, respectively. The tables exhibit 
also a diminution in the solids of the active glands which, 
calculated on the totals for eight experiments, is equal to 6 
per cent of the solids from the resting glands. If Experi- 
ment III be excluded from the totals, the difference in content 
of solids between the active and resting glands reaches 11 
per cent; aiid in Experiment VIII it amounts to 20 per 
cent. The figures in the first columns in Table III justify 
the conclusion that in the secreting gland the content of solids 
undergoes a relatively greater diminution than does the total 
weight of the gland. The conclusions thus far reached are 
therefore in accord with those of Heidenhain. On the other 
hand, the nitrogen found in the active glands is only 1.4 per 
cent less than in the resting glands. The nine active glands 
contained 1.40 grams of nitrogen, the resting 1.42 grams, and 
the saliva 0.14 gram. The averages for the middle columns 
in Table III show identical figures for ^q percentage of nitro- 
gen in the active and resting glands, and the experiments 
taken separately exhibit nearly as close an agreement These 
observations, like those of Pawlow, indicate that the secreting 
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gland tends to replace its loss of proteid to a considerable 
degree during activity. 

An explanation of the apparent discrepancy between the 
figures for the total solids and those for the nitrogen in the 
resting and active glands, seems to the writer to be found in 
the columns giving the percentage of nitrogen in the solids. 
In every experiment the solids from the active gland were 
relatively richer in nitrogen than those from the resting. 
This difference seems to justify the assumption that the active 
glands had become poorer in carbon, hydrogen, and perhaps 
oxygen. It suggests, also, that within the secreting cells 
there was a vigorous combustion of carbonaceous material, — 
carbohydrate, fat, the carbon moiety of proteid, or some such 
" explosive " combination of oxygen with substances rich in 
carbon as is held to be the source of heat and work in muscle. 
Indeed, our knowledge of secretion points to such a combus- 
tion as the source of the energy liberated within the gland. 
Although recent investigations * have not verified Lud wig's f 
observation that the saliva is warmer than the blood, it is 
generally held to be very probable that a liberation of heat 
occurs during secretion. The saliva contains a much larger 
amount of carbonic acid than does the blood-J Physico- 
chemical considerations prove that the separation of a fluid 
like saliva, containing 0.4-0.6 per cent of salts, from a fluid 
like the serum of the blood, containing 0.7-0.8 per cent of 
inorganic matter, involves work. Ludwig showed that saliva 
is secreted at a pressure higher than that of the blood in the 
carotid; and O. F. F. Griinbaum§ has recently published 
observations on the two kinds of work performed by the 
secreting glands. The microscopical changes observed in the 
secreting cells do not seem to offer any contradiction to 
the view that a combustion occurs. Observations of Heiden- 
hain || tend to show, also, that stimulation of the cervical 

* Bajliss and Hill, Journal of Physiology, 1894, xvi, p. 361. 
t Ludwig, Wiener medicinische Wochenschrift, 1800, pp. 483, 449. 
\ Pfluger, Archiv f. d. ges. Physiol., 1868, i, p. 686. 
§ Griinbaum, O. F. F., Journal of Physiology. 1898, xxii, p. 385. 
II Heidenhain, Studien des physiologischen Instituts zu Breslau, 1868, iv, 
p. 06. 
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sympathetic and the resulting secretion of a saliva of small 
Yolimie but large content of organic matter cause a loss of 
solids in the gland which is considerably less marked than 
that resulting from the abundant secretion excited by stimu- 
lation of the chorda tympani alone. Finally, the view that in 
the submaxillary gland proteid metabolism is more or less 
distinct from the processes of combustion and Uberation of 
energy, accords both with the accepted theory of nutrition in 
the organism as a whole, and with the hypotiiesis of Heiden- 
hain * that the elimination of water and salts and the elimina- 
tion of the organic constituents of saliva are controlled by 
different mechanisms. For, on the one hand, in the proteid 
metabolism of the cells, controlled by the trophic nerve fibers, 
anabolism occurs to a certain extent coincidendy with katsr 
holism. The secreting gland tends to remain in nitrogenous 
equilibrium. On the other hand, the processes controlled by 
the secretoiy fibers are apparently performed at the expense 
of a combustion of carbonaceous material stored within the 
cells during rest, to become the source of heat and secretoiy 
work. 

In conclusion, the writer desires to acknowledge his obliga- 
tion to Professor Lafayette B. Mendel, both for the suggestion 
of the subject of this investigation, and for valuable criticism. 

* Ileidenhain, Hermann's Handbuch der Physiologie, v, pp. 60-61. 
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ON URIC ACID FORMATION AFTER 
SPLENECTOMY.* 

Bt LAFAYETTE B. MENDEL and HOLMES C. JACESOK. 

Introductory. 

It is to-Klay a well accepted fact that uric acid formation 
occurs in mammalia under conditions quite different from 
those pertaining in birds and reptiles. The liver, which plays 
so important a rdle in the uric acid synthesis of the latter 
animals, is not the organ of chief importance for the similar 
process in the mammal. The experimental evidence upon 
which this position is based is diverse. Thus after exclusion 
of the liver from the circulation by means of Eck's fistula 
and ligation of the hepatic artery there is, if anything, an 
increase in the output of uric acid.f Again, in cirrhosis and 
hypertrophy of the liver, as well as in artificial degeneration 
of hepatic tissue,^ no marked decrease in uric acid excretion 
has been noted. Such results would scarcely be expected if 
the liver were actively concerned in uric acid synthesis. In 
searching for an organ to which the production of uric acid 
might be delegated, many physiologists have turned their 
attention to the spleen. Thus Neumeister states: "The 
spleen stands in close relationship to uric acid formation, as is 
evident from experiments on animals and from pathological 
observations. This function is simply explaioed by the rich- 
ness of the spleen in leucocytes, and therefore also in cell 

* Reprinted from the Amer. Jour, of Phjsiol., rol. ir. A report of some 
of these experiments was communicated to the American Physiological 
Society at the December meeting, 1899. Amer. Jour, of Physiol., 1900, ill, p. i. 

t Hahn and Nencki, Archives des sciences biologiques de St. P^tersbourg, 
1892, i. p. 401 ; De Filippi, Archives italiennes de biologie, 1899, zxxi, p. 211. 

t Lieblein, Archiv f iir experimenteUe Pathologic und Pharmakologie, 1894, 
zxziii, p. 818. 
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nucleins, from the decomposition products — the nuclein bases 
— of which uric acid seems to arise, at least in the mam- 
malia."* Hammarsten writes : " An increase in the quantity 
of uric acid eliminated has been observed by many investiga- 
tors in lineal leucaemia, while the reverse has been observed 
under the influence of quinine in large doses, which produces 
an enlargement of the spleen. We have here a rather posi- 
tive proof that there is a close relationship between the spleen 
and the formation of uric acid." Again, " a direct relationship 
between the spleen and the formation of uric acid in man, has 
been sought by several investigators. According to the inves- 
tigations of Horbaczewski this relationship seems to be of an 
indirect kind, as it probably stands in close connection with the 
importance of the spleen to the formation of the leucocytes." t 
These statements, to which those of other writers % might 
be added, are for the most part due to the influence which 
the well-known investigations of Horbaczewski have exerted. 
This investigator observed tliat when spleen pulp is exposed 
to incipient putrefaction, considerable quantities of xanthin 
and hypoxanthin can be isolated from the mixture. If, how- 
ever, the pulp at this stage is subjected to conditions which 
facilitate oxidation, e. g., shaking with air in the presence of 
blood, xanthin bases are no longer obtained, but uric acid is 
found in place of them. These observations have repeatedly 
been verified. Spitzer,§ in particular, has studied the con- 
ditions under which this mode of formation of uric acid may 
be facilitated. His investigations lead to the conclusion that 
extracts of both spleen and liver, as well as the tissue pulp, 
may yield uric acid when subjected to a current of air for 

* Neumeister, Lehrbuch der physiologischen Chemie. 1897, p. 612. 

t Hammarsten, Textbook of Physiological Chemistry, translated by Man- 
del, 1900. pp. 200, 481. 

X E. g., Stadthagen, Archiy fUr pathologische Anatomie, 1887, cix, p. 403 ; 
Bunge, Lehrbuch der physiologischen und pathologischen Chemie, 1894, 
p. 814; Howell, American Textbook of Physiology, 1896, p. 278; Simon, 
Manual of Clinical Diagnosis, 1897, p. 349 ; Schreiber, Ueber die Harnsinre 
unter physiologischen und pathologischen Bedingungen, Stuttgart, 1899, p. 90. 

§ Spitzer, Archiv f iir die gcsammte Physiologic, 1899, Ixxvi, p. 192. 
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some time, even when putrefaction is absolutely excluded. 
This reaction was foimd to be characteristic for the two 
organs mentioned, namely, the liver and spleen, and could 
not be obtained with the kidney, pancreas, thymus, or blood. 
Furthermore, Spitzer ascertained that pure hypoxanthin and 
xanthin are transformed into uric acid by the oxygen of the 
air, when they are dissolved in extracts of the liver and 
spleen. Adenin and guanin may apparently undergo the 
same transformation, though to a far smaller extent. Spitzer 
concludes that the peculiar behavior of the spleen and Uver, 
as contrasted with the other organs enumerated, may be in- 
terpreted to indicate that " even during life these two organs 
are the principal seats of uric acid formation." The author 
adds, however : " it must be remembered tliat observations made 
on dead material cannot be assigned to the living cells with- 
out reserve. We can therefore by no means deny the power 
of the last mentioned organs (pancreas, kidney, thymus, etc.) 
to form uric acid during life, although they perhaps possess 
the capacity in slighter degree than the liver and spleen." ♦ 

We have studied the importance of the spleen for uric acid 
formation in the living organism by a more direct method, 
namely, experiments on splenectomized animals. At the time 
that our investigation was begun we were unaware of the ob- 
servation of Lo Monaco f on uric acid excretion in a man after 
extirpation of the spleen. He found the output after the op- 
eration approximately normal on a mixed diet ; in any case, it 
was not noticeably diminished. The recorded observations on 
uric acid formation in hypertrophy and other abnormal con- 
ditions of the spleen are uncertain and in part contradictory 4 
They thus afford no definite answer to the problem. 

* Spitzer, loc. cit., p. 200. 

t Lo Monaco, Balletiuo della societk Lancisiani degli ospedali di Roma, 
1894, xiy, p. 102; also Schmidt's Jahrbiicher, 1896, cclii, p. 109. 

X Cf . for example, Stadthagen, Archiv fttr pathologische Anatomic, 1887, 
CLX, p. 390 ; Thomas, Neubauer and Vogel's Analyse des Harns, 1890, p. 241 ; 
Simon, Manual of clinical diagnosis, 1897, p. 349. Schreiber, loc. cit., 1899, 
p. 91. 

26 
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EXPEBIMENTAL. 

The animals used were the dog and the cat. In removmg 
the spleen the suggestions of Laudenbach* were usually 
followed, and the animals all made a very rapid recovery 
from the operation. Since the character of the diet is now 
recognized to be of fundamental importance in uric acid pro- 
duction, our feeding experiments were primarily directed 
towards ascertaining the influence of those foods which are 
known to be uric acid precursors, namely, the nucleins. No 
diminution in uric acid production was observed in any case 
after splenectomy. The uric acid output was observed during 
hunger and on a diet of casein, and subsequently the influence 
of uric acid forming food was noted. For this purpose we 
fed sheep's pancreas, which experience in this laboratory has 
demonstrated to occasion marked uric acid excretion. The 
characteristic excretion of allantoin first noted after pancreas 
feeding by Salkowski f in the dog, and by one of us in the 
case of the cat,^ was likewise always observed. Thus, from 
the urine of a spleenless dog to which 1 \ kilos of fresh sheep's 
pancreas were fed in three days, no less than 0.85 gram of 
allantoin crystallized out on concentration. A small spleen- 
less cat fed with one kilo of fresh sheep's pancreas in five 
days, yielded 0.65 gram of allantoin in a similar manner. 
We have had occasion to feed lymphatic glands, such as are 
frequently found abundant throughout the pancreatic tissue 
of sheep and in the submaxillary region of the ox. In each 
case a large rise in the uric acid output was noted in both 
normal and spleenless animals; the yield of allantoin was 
noticeably large. So far as we are aware, these observations 
are new and give further indication of the importance of 
glandular tissue of this type in uric acid production. 

Protocols of the feeding experiments with splenectomized 



P- 



* Laudenbach, Archives de Phyaiologie, 1896, p. 698. 

t Salkowski, Centralblatt fur die medicinische Wissenschaften, 1898, 

929. 

I Mendel and Brown, Amer. Jour. Physiol., 1900, ill, p. 261. 
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animals are given below ; the uric acid was determined by 
the Ludwig-Salkowski method. 



TABLE I. 

Medium sized dog. The CMein fed was freshly precipitated from skimmed 
milk and squeezed as dry as possible. The pancreas was obtained from sheep, 
and was freed from fat and sterilized. Water was freely allowed. The urine 
was not removed by catheterization, hence daily averages from three-day 
periods are given. 









Urine. 


DV. 


Food. 








Vol 


Urio Add. 




gnn. 


c.a 


mgr. 


1 
2 


Casein, 200 
OaMiB. 


110 
146 


15 j (Average) 
23) ^ 


8 


Casein. 


120 


4 


Paaoreas, 876 


186 


116) 


6 


Paaereas, 400 


136 


78 S 76 


6 


Panereas, 800 


76 


86* 


7 


None. 


146 


106! 


8 


None. 


66 


}^i « 


9 


None. 


176 



TABLE n. 

Medium sized dog. Pancreas prepared as in preceding experiment. Water 
ad libitum. 



DV. 


Food. 


Urine. 


VoL 


UrieAdd. 


1 
2 
8 
4 
6 
6 


gna. 

None. 
None. 
None. 

Panereas, 846 
Panereas, 860 
Panereas, 680 


0.0. 

64 

60 

62 

226 

170 

180 


mgr. 

16 ) (Average) 

16 14 

12 i 
126) 

06 > 119 
188) 
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TABLE m. 

Cat The animal had previoosly been fed on casein for Beveral dayii 
The pancreas was prepared as above. 



DV. 


Food. 


Urine. 


Vol. 


Uric Add. 


1 
2 
3 
4 
6 
6 


grm. 
Paaereas, 66 
Paaeraas, 120 
Paaereas, 100 

None. 
None. 
None. 


O.C. 

26 
60 
66 
36 
20 
18 


mgr. 



The following protocol is added to demonstrate uric acid 
excretion during hepatic degeneration in a spleenless dog. 
The results are of interest because they illustrate the produc- 
tion of uric acid after exclusion of the function of the two 

TABLE IV. 
Spleenless dog. Phosphorous poisoning. 



D.7- 


Urine. 


Benuu-ka. 


Vol 


Uric Add. 


Total N. 


1 
2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 


CO. 

246 
360 

290 

140 
180 
163 
168 
260 
184 
148 
88 


mgr. 

77 
108 

168 

118 

120 

100 

126 

171 

106 

62 

87 

• . . 


grm. 

8.64 
7.31 

9.01 

7.06 
7.68 
6.78 
6.12 
9.06 
6.91 
8.83 
1.60 


No food. 
« <i 

« u i c.c. oleum phosphoratum, 

subcutaneously. 
« «« 

« ((« 

160 grams pancreas fed. 
60 grams desiccated thymni fed. t 
26 •* " " " 
25 " •* •* " 

No food. Dog very weak. 

Dog died. 



* Uric acid was fed in capsules on these days for another purpose ; most 
of it was again recovered in the fieces, and the absence of any corresponding 
rise in nitrogen output indicates that it was not absorbed. 

t The dog Tomited some of this food. 
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chief organs to which this process has been attributed. The 
action on the liver was brought about by subcutaneous injec- 
tion of oleum phosphoratum. The presence of much bile 
pigment in the urine as well as the characteristic metabolic 
changes before death gave evidence of the hepatic action of 
the poison. Histological examination of the liver cells also 
revealed pathological changes in that organ. The dog had 
already received four injections of phosphorus oil during the 
twelve days preceding those here recorded. 

Conclusion. 

Our experiments demonstrate that the spleen is by no 
means the chief organ involved in uric acid production in the 
living body, if indeed it normally plays any part whatever in 
this process. After the exclusion of the liver and the spleen 
it is natural to turn to other forms of lymphoid tissue, and 
the lymphatic glands are at once suggested. It might be 
supposed that after splenectomy these glands take up the 
work of the spleen. Enlargement of the lymphatic glands 
has been recorded after removal of the spleen in man. But 
the very recent investigations of Vincent,* made to ascertain 
this point in the dog, fail to bring to light any permanent 
hypertrophy of the lymphatic glands after splenectomy. It 
seems improbable, therefore, that the formation of uric acid in 
the mammalia can be assigned at present to any definite 
organ, or groups of organs. 

* Vincent, Journal of Phyaiology, 1900, xxt, p. ii. 
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By YANDELL HENDERSON. 

The fact that, on decomposition with strong hydrochloric 
acid, a part of the nitrogen of the proteid molecule is obtained 
as ammonia was first revealed by Hlasiwetz and Habermann f 
in their now classic investigations on the cleavage products of 
the proteids. Following them, NasseJ carried out a series 
of quantitative determinations as to the percentage of the 
nitrogen thus separated, and foimd marked differences between 
the different albuminous bodies in their content of this 
" loosely combined nitrogen." More recently these investiga- 
tions have been repeated by Hausmann,§ and also considerably 
widened in scope by quantitative analyses, not only of this 
"amide" nitrogen, but also of the "diamino" and "mono- 
amino " nitrogen || obtained by decomposing proteids with 
strong hydrochloric acid. 
. The results so obtained have led Hausmann to regard the 

* These inyestigations were first published under the title, Zur Kenntniss 
des durch Sauren abspaltbaren Stickstoffes der Eiweisskorper, in Zeitschr. f. 
phjsiolog. Chemie, Band xxix, Seite 47. 

The experiments here recorded were completed before the publication of 
Hausmann's work. More recently Hausmann has published a second paper 
in support of his yiews, and Kutscher has put forward a criticism of them 
supported by considerable experimental data. These articles are : W. Haus- 
mann, Zeitschr. f. phjsiolog. Chemie, Band xxix, p. 136 ; Fr. Kutscher, 
Zeitschr. f. physiolog. Chemie, Band xxxi, p. 216. 

t Hlasiwetz und Habermann, Ueber die Proteinstoffe, Liebig's Annalen, 
Band 169, neue Reihe 93. pp. 150-166. 

t Otto Nasse, Studien iiber die Eiweisskorper, Pfliiger's Archly, Band yii, 
pp. 139-168. 

§ W. Hausmann, Ueber die Vertheilung des Sticksto£fes im Eiweissmolekill, 
Zeitschr. f. phjsiolog. Chemie, Band xxyii, p. 96. 

II Hausmann designates as ** amide " nitrogen the ** loosely combined nitro- 
gen" of Nasse. Monoamino nitrogen is that contained in the amido acids 
leucin, ty rosin, glutamic acid, etc., and diamino nitrogen that of the bases 
precipitated by phosphotungstic acid. 
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percentage figures as constant, and in particular he char- 
acterizes the amount of amide nitrogen split off ^^ as a 
sharply determinable and for each proteid a very characteristic 
quantity." 

To settle this question fully, the writer has performed a 
series of investigations in which proteids purified with the 
utmost care were boiled for various periods with hydrochloric 
and sulphuric acid of various strengths.* The figures giving 
the results, and set forth in the accompanying table seem to 
show that the concentration of the acid used, as well as the 
duration of boiling, exert a decided influence on the distribu- 
tion of the nitrogen between the different classes of cleavage 
products. This was shown most clearly when the proteids 
were treated with sulphuric acid, evidencing the relation 
between the strength of the reagent and the period of action 
on the one hand, and on the other the amount of amide 
nitrogen split off. With hydrochloric acid also results similar 
in kind were obtained. 

In these investigations the amide nitrogen alone has been 
determined. Yet siuce they show that the figures obtained 
are dependent upon the conditions of experiment, it is imme- 
diately evident that every increase or diminution in these 
figures must be accompanied by a corresponding diminution 
or increase in the amount of diamine or raonoamino nitrogen, 
or, perhaps, in both. The results obtainable for the mono- 
amine and diamine nitrogen must necessarily be subject to 
considerable variations, as well as those for the amide 
nitrogen. 

* The method of these determinations was essentially the same as that of 
Hausmann. 
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ON THE PHOSPHORUS CONTENT OF THE 
PARANUCLEIN FROM CASEIN.* 

By holmes C. JACKSON. 

When casein is treated with pepsin-hydrochloric acid, there 
usually results an insoluble substance which has received 
attention from a number of investigators. Lubavinf pre- 
sented the first careful study of this product, which had 
previously been described by Meissner under the name of 
dyspeptone. He pointed out that the substance contained 
organic phosphorus to the extent of 4.6 per cent, the latter 
varying according to the conditions under which the digestive 
experiments were carried out. 

In 1888 Chittenden,! while engaged in the study of the 
digestive products of casein, carried out a series of analyses of 
the insoluble residue corresponding to Lubavin's dyspeptone. 
His preparations contained an average content of phosphorus 
amounting to 2.67 per cent. It was pointed out, however, 
that in every case the phosphorus found in the ash of the 
products analyzed was as great as the total phosphorus ob- 
served and Chittenden arrived at the conclusion " that instead 
of being a phosphorized compound, it (dyspeptone) apparently 
contains no phosphorus whatsoever, other than that combined 
with calcium." Particularly noticeable in all his preparations 
is the large percentage of ash, varying from 12.4 per cent to as 
high as 15.4 per cent. On the other hand, it may be pointed 
out that there is a rather striking constancy in the quantity 
of phosphorus found in these preparations, the significance of 
which will be referred to later. Chittenden was furthermore 

• Reprinted from the Amer. Jour, of Physiol, rol. ir. 

t Lubayin, Hoppe-Seyler's medicinisch-chemlsche Untersuchungen, 1871, 
iv, p. 463. 

} Chittenden, Studies in Pliysiological Chemistry, Yale University, 1889, 
iii, p. 6Q. 
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unable to reduce materially the amount of aah by any process 
of purification. 

Since these experiments, the study of the so-called dyspep- 
tone has been resimied by various investigators. Thus, Szon- 
tagh* similarly prepared a dyspeptone which he found to 
contain organic phosphorus to the extent of 2.96-3.63 per 
cent — an amount somewhat less than that observed by Lu- 
bavin. Again, results of analyses by C. Willdenow f show a 
phosphorus content (3.86 per cent) agreeing more closely 
with the figures of Lubavin. 

Salkowski,^ in a later communication, pointed out that the 
amount of dyspeptone, henceforth called paranuclein in accord 
with the more recent nomenclature, varies according to the 
conditions of proteolysis. After a vigorous digestion as little 
as 6.7 per cent of the original casein remained undissolved as 
paranuclein, while under less favorable conditions the separa- 
tion of paranuclein took place to the extent of even 20 per 
cent Still more recently Salkowski§ has observed that 
where the proteolysis is carried out under extremely favorable 
conditions, the separation of paranuclein may be wanting en- 
tirely. In the former cases, however, the phosphorus content 
of the paranuclein varied from 2.11 to 2.41 per cent — the 
higher content coming from products resulting from the more 
favorable conditions. Salkowski has found the phosphorus 
just described to exist in organic combination, and has shown 
that as much as fifteen per cent of the original phosphorus of 
the casein may be retained in the paranuclein formed from it. 

From analyses of paranuclein (pseudonuclein) made by 
Sebelien || this author finds a phosphorus content varying from 
2.6 to 2.76 per cent. He attributes the lack of agreement in 

* Szontagh, Jahreabericht far Thierchemie, 1892, xxii, p. 170. 

t Willdenow, Inaugural-DlsBertation, Bern, 1893 (Drechsers laboratory). 

X Salkowski and Hahn, Archiv fiir die gesammte Fhysiologie, 1894, liz, 
p. 225. 

§ Salkowski, Centralblatt fiir die medicinische Wissenschaften, 1893, xxzi, 
p. 385. Cf. also Alexander, Zeitschrift fUr physiologische Chemie, 1898, xxy, 
p. 425. 

II Sebelien, Zeitschrift fiir physiologische Chemie, 1895, xx, p. 446. 
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the phosphorus content of his various preparations to variations 
in the extent of proteolysis. Similar results regarding the 
presence of organic phosphorus in the paranuclein and the 
effect upon its composition due to changed conditions of 
digestion have since been made in this laboratory by Dr. J, H, 
M. Knox.* His preparations with an ash content of 2.8 per 
cent showed a content of phosphorus equal to 2.98 per cent 
attributable to organic phosphorus. The paranuclein obtained 
by gastric digestion of casein from goat's milk gave a content 
of organic phosphorus (2.7 per cent) agi-eeing closely with 
that from cow's milk. 

A review of the preceding details indicates that most authors 
have found a considerable content of organic phosphorus in 
this peculiar cleavage product of casein. The results of 
Chittenden alone stand in contrast to the others. The data 
of the various investigators are, however, by no means in 
accord with one another. They vary very widely according 
to the conditions under which the experiments have been car- 
ried out, both with respect to the quantity of paranuclein 
formed and the composition of the latter. Furthermore, the 
large ash content revealed by the analyses of previous investi- 
gators makes it clear that they were working with preparations 
which could scarcely lay claim to any considerable degree of 
purity. The discrepancies noted and the more recent advances 
made in the field indicated, have rendered it desirable to repeat 
some of the older experiments, and especially to ascertain the 
possibility of the formation of paranuclein, entirely devoid of 
organic phosphorus as it was assumed by Chittenden to have 
been formed in his experiments. 

Digestion I. 

In this first experiment, an attempt was made to repeat 
closely the preparation of paranuclein as outlined by Chitten- 
den.t Casein prepared according to the method of Ham- 
marsten, was thoroughly extracted with ether and dried at 

* These results have not yet been published, 
t Chittenden, loc. cit. 
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105° C. for analysis. The following results indicate the purity 
of the product: 

N. p. 

per cent per cent. 

Hammanten 15.65 0.847 

Jackson 15.58 0.852 

. Casein from fifteen quarts of skimmed milW was placed in 
seven litres of 0.4 per cent hydrochloric acid and warmed at 
38° C. To this was added a dialyzed pepsin solution contain- 
ing 0J6 grm. of commercial scale pepsin (1 : 3000). This 
mixture was allowed to digest for two days at 88° C, at the 
end of which time the undissolved residue was filtered oflf and 
washed thoroughly with water. The undissolved matter was 
again placed in three Utres of 0.4 per cent hydrochloric acid 
containing 100 c.c. of a 1 per cent dialyzed pepsin solution, 
and allowed to digest at 38° C. for four days. Filtered from 
this digestive mixture, the resulting residue was treated again 
with a similar pepsin-hydrochloric acid solution and the pro- 
teolysis continued for seven days at 88° C. As the quantity 
of insoluble matter did not appear to decrease, it was filtered 
from the acid fluid and washed with water until the washings 
gave only a faint test for chlorides. 

It seemed possible that the apparent absence of organic 
phosphorus in Chittenden's preparations might be due to 
the action of the alkali which had been used in redissolvlng 
and purifying the paranuclein. In order to determine this 
point, the paranuclein obtained in the above digestion was 
divided into two portions, each of which was subjected to 
the treatment outlined below. Furthermore, in order to pre- 
clude the possibility of the formation of a large ash content 
by the process of dialysis and precipitation employed by 
Chittenden, the former process was omitted in preparation B. 

Preparation A. — Paranuclein was dissolved in 1 per cent 
sodium carbonate solution and filtered, thus removing the 
larger part of the fat left adherent to the residue of digestion. 
Upon addition of dilute hydrochloric acid to the alkaline fil- 
trate, the paranuclein was thrown down as a heavy flocculent 
precipitate. The latter was filtered, washed, and again dis- 
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solved in 1 per cent sodium carbonate solution. This fluid, 
after exact neutralization with dilute hydrochloric acid, was 
thymolized and then dialyzed in running water until all 
traces of chlorides were removed. The resultant neutral 
solution of paranuclein was concentrated on the water bath 
to a thick syrup, and while still warm was precipitated with 
95 per cent alcohol. Upon standing for some time the pre- 
cipitate was filtered, extracted thoroughly with alcohol and 
ether, and dried at 105° C* It gave the following analysis: 

Ash = 13.33%. 

Total phosphorus = 1.65 % . Phosphorus found in ash = 1.73% . 

Phosphorus in substance in organic combination = 0.0%. 

Preparation B. — Paranuclein was placed in water and suffi- 
cient sodium hydroxide added to hold the substance in solu- 
tion. By repeated filtration a perfectly clear solution was 
obtained, and this was precipitated with acetic acid. The 
resulting precipitate was washed by decantation with distilled 
water, filtered, and the substance redissolved and reprecipitated 
twice according to the method just described. After the 
final precipitation the paranuclein was treated with alcohol 
and ether, extracted with ether in a Soxhlet apparatus for 
several days, and finally dried at 105° C. Analysis gave the 
following results : 

Ash = 1.68%. 

Total phosphorus = | 2*67 ^ . Phosphorus found in ash = 0.0% 

Phosphorus in substance in organic combination = 2.75%. 

Digestion II. 

This digestion was carried out in a manner analogous to 
that already described, with the exception that all treatment 
of the resultant paranuclein with alkali as well as the sub- 
sequent process of dialysis was avoided. The analysis of the 
product thus prepared without further purification follows ; 

* This method of procedure agrees quite closely with that described by 
Chittenden, loc. cit. 
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Preparation C. — 

Ash = 2.91%. 

Total Phosphonu = 2.04% . Phosphoros found in ash = 0.0%. 

Phosphonu in substance in organic combination = 2.10%. 

Digestion III. 

In Older to obtain further light on the influence which the 
method of preparation might exert upon the analysis and 
composition of the product, paranuclein was again prepared 
according to the method outlined in Digestion L Portions 
of the same product were treated as follows: 

Preparatloii D. — This preparation corresponds to prepara- 
tion A. It served as a standard for comparison with the 
products to follow. Analysis gave: 

.._( 11.80%. 
^**'~{ 11.92 J6. 

Total phosphoms = j 2 90^ Phosphonu found in ash = 2.47%. 

Phosphorus in substance in organic combination = 0.44%. 

It will be noticed that, as in the case of preparation A, the 
ash content was very high, and in correspondence with the 
latter nearly all of the phosphorus was recovered in the ash. 

Preparation E. — This preparation received treatment simi- 
lar to preparation C, the final digestive product, however, 
having been simply dissolved in 1 per cent sodium carbonate 
solution, filtered, precipitated with hydrochloric acid, again 
filtered, washed, and prepared for analysis. 

Total phosphorus = < 2^1' Phosphorus found in ash = 0.10% . 

Phosphorus in substance in organic combination = 2.86%. 

Preparatloii F. — This preparation was treated like B with 
the additional feature that it was subjected to dialysis after 
repeated solution and reprecipitation by means of acid. It 
differs from preparation E only in the &ct that it was care- 
fully neutralized before dialysis. Analysis gave the following 
results: 
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Total phosphoms = | 2*77 ^ ' Phosphorus found in ash = 0.14% . 

Phosphorus in substance in organic combination = 2.76%. 

As in the case of E, the ash content was relatively small and 

practically all the phosphorus existed as organic phosphorus, 

i.e.y disappeared on ignition. 

The following summary will assist in the comparison of 
the analyses of the products obtained. 



1 


Ash. 


Phoepbome 




In 

naclein. 


In 
Aeh. 


In 
Aah-free 

• 


A 

B 
C 
D 
E 
P 

H 


percent. 
18.88 

1.68 
2.91 
11.86 
1.60 
1.08 
0.66 


percent. 
1.66 

2.71 
2.04 
2.86 
2.42 
2.87 
2.86 


percent. 
1.78 




2.47 
0.10 
0.14 



8.08 


percent. 



2.75 
2.10 
0.44 
2.86 
2.75 
2.86 


Chittenden's — precipitation with 
alcohol. 
( Redissolved in minimal quantity of 
alkali and reprecipitated with acid. 
No purification after digestion. 

Chittenden's. 
( Similar to C — reprecipitated once 
\ with acid. 

Similar to B, subsequent dialysis. 
( Preparation D dissolved in alkali 
f and reprecipitated with acid. 
1 Preparation E treated with a solu- 
( ble calcium salt. 



It will be observed at a glance that the retention of phos- 
phorus in the ash of the preparation, and accordingly the 
apparent absence of organic phosphorus in the substance, is 
associated with those preparations only which have a high 
ash content (A and D). That this condition is not attribut- 
able to the dialysis of the product is evidenced by the &ct 
that A, D, and F were each subjected to the process and that 
the ash content of the preparation is in no way related to this 
part of the procedure — P being one of the purest products 
obtained, whereas A and D, dialyzed under similar conditions, 
showed a very high ash content. The only respect in which 
the preparations A and D differed materially from F, was in 
the fact that, whereas the former were precipitated from their 
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concentrated neutralized solutions by the use of alcohol, P 
(like all the preparations showing low ash content) was first 
precipitated by means of acid before subsequent treatment 
with alcohol and ether. 

It seemed reasonable to assume that the high content of ash 
present in preparations A and D was due to the simultaneous 
precipitation of relatively insoluble salts, such as calcium salts, 
or more probably to the fewjt that when the precipitation takes 
place in a neutralized solution of paranuclein, the latter is 
carried down in combination with an alkali earth such as cal- 
cium. Since the paranuclein behaves like an acid substance, 
it is reasonable to suppose that it may enter into loose com- 
bination with calcium, forming compounds analogous to those 
of casein with calcium and the alkalies. In this event the large 
amount of calciimi present in the preparation would on ignition 
tend to hold the phosphorus originally present as organic 
phosphorus in the form of calcium phosphate in the ash. The 
discrepancy between the results of Chittenden and other 
observers would thus be attributable to the fact that he pre- 
cipitated the paranuclein in combination with calcium or an 
alkali, and owing to the reaction above described, was led to 
assume the absence of organic phosphorus in the paranuclein. 
In order to test still further the validity of this assumption, 
a portion of the paranuclein with high ash content (preparation 
D) was redissolved in 1 per cent sodium carbonate solution 
and reprecipitated with hydrochloric acid. After filtration 
the precipitate was washed with distilled water until the 
washings gave no test for chlorides. 

Preparation O. — An analysis of this substance after treat- 
ment with alcohol and ether and drying at 105^ C. gave the 
following results : 

Ash = 0.66%. 

Total phosphorufi = 2.36% . Phosphorus found in ash = 0.0% . 

Phosphorus in substance in organic combination = 2.36%. 

It will be seen that the preparation obtained in this way 
was an extremely pure product. Thus it is quite possible to 
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transform the poranuclein compound with a high ash content, 
». £., paranuclein-calcium (or paranuclein-sodium), into a para- 
nuclein containing only a very small proportion of ash and 
readily giving off its entire phosphorus on ignition. The 
reverse process — the formation of a calcium compound of 
paranuclein and the consequent cleavage of the phosphorus as 
inorganic phosphorus on ignition — is further demonstrated 
by the following experiment. 

Preparation H — A portion of preparation E was dissolved 
in calcium hydroxide. After evaporation of the fluid to a 
small volume, it was treated with absolute alcohol, and the 
precipitate thus formed removed by filtration. Analysis of 
this product, dried at 105^ C, resulted as follows : 

Fbosphonu found in the ash = 3.08%. 
SUMMABY. 

It is shown that the paranuclein obtained by digestion of 
casein with pepsin-hydrochloric acid always contains a con- 
siderable content of phosphorus in organic combination. The 
results of previous investigators who found that the phos- 
phorus recovered in the ash of their preparations was equiv- 
alent to the total phosphorus content of the paranuclein, are 
attributable to the high ash content of their products. When 
the latter is avoided, and thus the formation of inorganic 
phosphate during ignition is precluded, paranuclein invariably 
yields over 2 per cent of organic phosphorus. 

In conclusion, it is my desire to express my indebtedness to 
Professor Lafayette B. Mendel for many kind suggestions. 



20 
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ON THE OCCURRENCE OF IODINE IN CORALS. 
By LAFAYETTE B. MENDEL. 

Baumann's discoveiy of iodine as a normal constituent of 
the animal body, and DrechseFs investigations on the iodine 
compounds of a Mediterranean coral have served to direct 
attention again to the physiological rdle of this element, f 
Drechsel demonstrated that the homy axial skeleton of Gor- 
gonia cavolimi which he obtained at Naples contains iodine in 
organic combination. This skeletal substance, termed gorgonin 
by him, yielded on decomposition with baryta water a well 
crystallized iodo-amido acid, corresponding in composition with 
a moniodo-amidobutyric acid. Drechsel did not regard the 
latter as a distinct component of the gorgonin, but assumed it 
to be a characteristic cleavage product of the complex iodine- 
containing, keratin-like albuminoid of the coral skeleton. The 
further peculiar fact that the coenenchyma of the animal con- 
tains practically no iodine led Drechsel to the interesting con- 
clusion that Gorgonia cavolinii has a specific iodine metabolism 
which is essential to the building up of the framework of the 

• Reprinted from the Amer. Jour, of Physiol., vol. Iv. 
t Cf. Baumann, Zeitschrift fiir phygiologische Chemie, 1896, xxl, p. 31ft 
Drechsel, Zeitschrift fiir Biologie, 1896, zxxiii, p. 90. 
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axial skeleton. Hundeshagen * had previously investigated 
an iodine-containing organic substance which he separated 
from marine sponges ; and later Hamack f isolated from the 
same source a compoimd which he has termed iodospongin^ 
containing on an average 8.2 per cent of iodine. Other investi- 
gators J also have more recently demonstrated the presence of 
iodine in organic combination in other marine organisms. 

Through the kindness of Professor Verrill I have had an 
opportunity to examine specimens of three species of corals 
which were collected in the West Indies. These species,§ 
Gorgonia flabellum, Gorgonia acerosa, and Plexaura flexuosa, 
resemble Gorgonia cavolinii in many respecte. The latter 
is, however, distinctly a Mediterranean species, while the 
others have been found in the West Indies only. Gor- 
gonia flabellimi grows to a large size; it is flabellate, and 
throughout finely reticulate. The fronds are sometimes two 
feet high and nearly as broad. The color varies from an ash 
to a bright yellow, and is occasionally red. The polyps are 
everywhere scattered, except where the wing-like processes 
commence to grow from the surface, and in that case they 
become lateral. Gorgonia aoerosa is the large, purple, pendu- 
lous species of the West Indies. When young, the branchlete 
are erect or nearly so, and the pinnate character is less distinct 
than in adult specimens. The latter are very large, often five 
feet high. The axis is black. There are either one or two 
rows of polyps on the opposite sides of the branchlete. Plex- 
aura flexuosa has a fulvous or purplish color. The branches 
are terete and without verrucse, but have a slightly and minutely 
uneven surface, owing to the fact that the oscules are either 
situated in a slight depression of the cortex, or have the inferior 
side a little prominent. Xhe length of the branchlete is often 
six inches. 

* Hundeshagen, Zeitschrift flLr angewandte Chemie, 1895, p. 478. 
t Harnack, Zeitschrift fur physiologische Chemie, 1898, xxiv, p. 412. 
X Eschle, Zeitschrift fUr phjsiologische Chemie, 1897, xxiii,p. 80. Grautier, 
Comptes rendus de TAcad^mie des Sciences, 1899, cxxriii, p. 1069. 

§ See Dana, Wilkes Exploring Expedition, yii, Zoophytes, pp. 060, 066, 
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In each of these species iodine was found to be a constitaent 
of the homy axial skeleton. The organic material was fused 
with pure sodium hydroxide and potassium nitrate, and the 
fusion products were tested for iodine in the usual way by 
acidification and extraction with chloroform. All the reagents 
used were previously ascertained to be absolutely free from 
iodine. In order to afford a quantitatiye comparison with the 
specimens examined by Drechsel, the adherent material was 
carefully separated from portions of the air-dry axial skeletons, 
and the latter commmuted and dried for analysis at 110" C. 
After fusion in a nickel crucible with pure sodium hydroxide, 
the halogens were precipitated as silver salts and determined 
by the method which Drechsel * employed. In the table of 
results, the analyses of Gorgonia cavolinii are added for 
comparison.! 

SUMMARY OF THB ANALYSES. 



Species. 


LoM of weight 
•tno'>c. 


Iodine. 


Chlorine. 


Gorgoaia acerosa. 
Gorgonia llabellum (average). 
Plexaura llexaosa (average). 
Gorgoaia cavolinii (Drechsel). 


peroeni. 
13.38 
10.44 
13.40 
11.16 


pereent. 

1.70 
1.15 
0.28 
7.79 


peroent. 

8.17 
1.24 
0.86 
2.18 



While the results presented are considerably smaller than 
the figures obtained for Gorgonia cavolinii, they compare more 
closely with the published analyses of certain algse % (Fucus 
vesiculosus, Laminaria digitata) and with Hamack's determi- 
nations of the iodine content (1.5 per cent) of ordinary 
sponges. § It is suggestive to note that the species of West 
Indian coral richest in iodine is the one most closely related to 
the Mediterranean Gorgonia cavolinii. 

In his monograph on '*The physiological r5le of mineral 

« Drechsel, Zeitschrif t f iir Biologie, 1806, xzxiii, p. 06. 

t Most of these analyses were made by A. N. Richards, B. A. 

I Eschle, loc. cit 

§ Hamack, loc. cit p. 414. 
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nutrients/' Loew* has called attention to the possibility of 
the presence of bromine in conjunction with the iodine and 
chlorine in the Grorgonias. With a view to ascertaining this 
point, I have examined very carefully a relatively large quan- 
tity (80 grams) of the skeleton substance of Gorgonia acerosa. 
The latter was selected because it was the richest in halogens 
of all the species examined. The results were entirely nega- 
tive ; not a trace of bromine was f oimd. Lastly, the skeleton 
substance of Gorgonia flabellimi was decomposed (in quantities 
of 60 to 76 grams) with baryta water. The method pursued 
by Drechsel in isolating his compound C^HsNIOt was closely 
followed, but without success. Solutions containing organic 
iodine compounds were obtained, but no corresponding amido- 
acid could be isolated. Whether this result is due to the 
relatively small quantities of the material available,! or to a 
difference in the way in which the iodine exists in combination 
in these species cannot be definitely stated. 

The preceding observations afford further justification for 
the belief already maintained by Drechsel, that for many 
organisms iodine is as essential an element as is chlorine for 
others ; and that in the absence of iodine the normal nutrition 
of the organism may be interfered with. Without some 
assumption of this nature, it is difficult to understand why 
organisms like the Gorgonias should store up in their homy 
axial skeleton an element existing only in traces in sea water, 
and apparently not entering into the constitution of the true 
growing ccenenchyma of the animal. 

* Loew, U. S. Department of Agriculture ; Division of Vegetable Physi- 
ology and Pathology, 1899, Bulletin No. 18, p. 21, footnote. 

t Drechsel obtained only 0^ gram of the pure amido4icid from 60 grams 
of gorgonin. 
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U. 

GLYCOGEN FORMATION AFTER INULIN FEEDING- 
Bt B. NAKASEKO. 

Intboductoby. 

Thb carbohydrate inulin, which readily breaks down to 
levulose by hydrolysis with acids, has long been suggested as 
a suitable foodstuff in those forms of diabetes in which 
levulose can be utilized-* Sandmeyer,t however, found that 
inulin was very poorly utilized in diabetic dogs, a large part of 
the ingested carbohydrate being eliminated again unchanged in 
the faeces. In view of the marked effect which levulose, in 
common with many other carbohydrates, exerts in increasing 
the glycogen-content of the liver, it was natural to look for a 
similar result in the case of inulin-feeding. To test this possi- 
bility, Miura % carried out a series of experiments on rabbits in 
Kiilz's laboratory several years ago. Precaution was taken to 
procure pure inulin for feeding, and the glycogen of the liver 
was estimated by the Briicke-Kulz method. The rabbits had 
all been starved for six days to reduce the store of glycogen in 
the liver to a minimum ; thereupon the inulin was adminis- 
tered in small doses at hourly or half-hourly intervals, in 
order to offer the most favorable conditions for inversion and 
absorption. The total quantity of carbohydrate ingested 
varied from ten to twenty-five grams per animal, and the 
rabbits were killed ten or twelve hours after the adminis- 
tration of the last dose. As a basis for comparison Miura 
took the glycogen determinations made by Kiilz § on fasting 
rabbits. Kidz found as a maximum for the glycogen-content 

« Kiilz, Beitr&ge zur Pathologie and Therapie des Diabetes Mellitus, Mar- 
burg, 1874. 

t Sandmeyep, Zeitschrift fttr Biologie, 18M, xxxi, p. 82. 

X Miura, Zeitschrift far Biologie, 1895, zxxii, p. 266. The references to 
the older literature on inulin-feeding are given in this paper. 

§ Kttlz, Festschrift far C. Ludwig, 1890, p. 69 ; Centralblatt f ttr PhTsiologie, 
1890, iv, p. 788. 
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of the liver after six days fasting 0.9 per cent of glycogen, the 
equivalent of 0.329 gram of glycogen, or 0.252 gram per kilo 
of body weight. In nineteen experiments with inulin-f ceding 
as outlined, the glycogen-content of the liver was increased in 
the majority of cases; in six animals, however, negative 
results were obtained. Of the thirty-«ix experiments by six 
different investigators on inulin-feeding and glycogen-forma- 
tion, which we have found recorded in physiological literature, 
nineteen have given negative results. The experiments of 
Miura are the most careful and satis&ctory of all in point of 
technique. He concludes his research with the following 
remarks : ^' Renewed investigation is demanded to determine 
whether the levulose found (post-mortem) in the various por- 
tions of the intestine owes its formation to the action of one 
or more of the digestive juices, to the acid of the stomach, or 
to vegetable enzymes derived from the food ingested. In 
view of the marked increase in the glycogen-content of the 
liver which follows levulose feeding, the conclusion is inevi- 
table that ingested inulin is either converted to levulose only 
in part, or too slowly to permit any storing up of glycogen 
.from the quantities of sugar absorbed. Herein, perhaps, lies 
the explanation of the inconstancy of the experimental 
results," * 

Regarding the behavior of inulin towards amylolytio 
enzymes, the experiments of Mr. A. B. Siviter f in this laboia- 
tory afford an answer. He found that the ordinary amylolytio 
enzymes such as the ptjralin of saliva, the amylopsin of the 
pancreatic extract, vegetable diastase and " Taka " diastase — 
a very active enzyme preparation obtained from Eurotium 
oryzae — are without action on inulin. Dilute hydrochloric 
acid (0,05-0.2 per cent) at 40** C. transforms inulin to 
levulose. Hydrochloric acid combined with proteids likewise 
inverts inulin to levulose, but more slowly than corresponding 

* MiuTs, Zeitechrift fur Biologie, 1896, xxxii. p. 266. 

t See Chittenden, Amer. Jour. 'Physiol. 1898, ii, p. XTii. Of. also the re- 
cent papers by Richaud, Comptes rendus de la soci^t^ de biologie, 1900, lii^ 
p. 416. Bieri and Portier, ibid., 1900, lii, p. 42a 
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strengths of free acid. Organic acids, such as oxalic, lactic, 
and salicylic, also transform inulin in the same way. 

In adding a number of new experiments on inulin-feeding 
to those already referred to, we have also had in mind the 
negative, yet inconclusive experiments carried out in this 
laboratory with the resistant carbohydrate lichenin.* We 
have desired especially to supplement Miura's investigation 
by administering large portions of inulin and allowing the 
absorption to proceed during longer intervals than has hereto- 
fore been the case. It was hoped to counteract in this way 
the effects of a possible daw conversion and absorption of the 
carbohydrate. It is difficult, however, to determine upon any 
satisfactory time-limit, owing to the danger of a subsequent 
loss of the newly stored-up glycogen during the protracted 
hunger period. 

Experimental. 

In these experiments we have followed Miura^s method 
with few variations. The data thus afforded are sununarized 
in the table below. The inulin used was obtained from va- 
rious sources and was purified with alcohol, when necessary, 
until it gave no reduction with Fehling's solution after being 
heated three minutes in a boiling water-bath.t It was free 
from nitrogenous matter. The rabbits were starved from five 
to seven days. Inulin was suspended in warm water and 
administered, partiy dissolved, with a stomach sound. The 
animals were killed by decapitation; the liver was quickly 
removed, and the glycogen determined by the Brlicke-Kiilz 
method. The stomach and intestinal contents were tested 
with Fehling's solution and by Seliwanoff's reaction (HCl and 
resorcin) for levulose or inulin, other sugars which give the 
reaction, such as saccharose, being assumed to be absent after 
long fasting. The observations on these reactions are iaot 
recorded here, since they afford no new points of interesl;r 
Other details are included in the table, and two experiments- 
with levulose are added for comparison. 

* Cf. Brown, Amer. Jour. Physiol. 1898, i, p. 46a 

t As adrised by Kiliani. Cf. Miura, loc. cit, p. 260, note 1. 
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Conclusion. 

A study of the figures presented reveals the fact that an 
increase of glycogen in the liver above the starvation maxi- 
mum (0.9 per cent, or 0.252 gram per kilo) ascertained by 
Kulz was obtained in only three cases after inulin-feeding 
(experiments 4, 5 [?], 6). Any connection between the 
glycogen-content and the length of time during which the feed- 
ing continued is not evident from the data obtained. The 
well known glycogen-forming property of levulose is again 
demonstrated in the last experiments and stands in striking 
contrast to the practically negative results with comparable 
quantities of inulin. Furthermore, we recall the statement of 
Ktilz* — an authority on glycogen-foimation. — that occa- 
sionally there are to be found in the liver of the rabbit quan- 
tities of glycogen presumably too large to disappear to the 
extent recorded in the usual experiments, even after six days* 
fasting. In addition to this the stomach of the fitsting rabbit 
normsdly always contains particle*^ of food residue which 
may gradually offer available carbohydrate. 

In view of all these facts, which apply equally to Miura's 
experiments and to our own, the glycogen-forming properties 
of inulin, in the case of the rabbit at least, must still be 
regarded as uncertain or minimal.f 



in. 

THE INFLUENCE OF ACIDS ON THE AMTLOLTTIC 
ACTION OF SALIVA. 

Bt o. a. hanfobd. 

Inteoductory. 

A SERIES of experiments on the influence of acids and alka- 
lies upon the amylolytic action of the saliva has recently been 

« Kfllz, Centralblatt f ttr Physiologie, 1890, ir, p. 780. 

t Cf . also Bichand, Comptei rendus de la loci^t^ de biologie, 1900, lii, p. 416. 
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Tindertaken by F. Ktibel * in Professor Griitzner's laboratory. 
The results obtained are largely confirmatory of investigations 
carried out long ago in this laboratory by Chittenden and 
Smith.t As Kubel was apparently not familiar with this 
work, and inasmuch as other recent writers | have overlooked 
some of the results long established, it seemed desirable to 
review the older observations here very briefly and to add 
some experiments of our own which may serve to explain and 
extend the work of KUbeL 

From careful quantitative experiments, in which the extent 
of amylolytic action was determined by a direct estimation of 
the sugar formed, Chittenden and Smith concluded as follows : 

" The most favorable condition for the diastatic action of 
ptyalin, under most circumstances, appears to be a neutral 
condition of the fluid together with the presence of more or 
less proteid matter. The addition of very small amounts of 
hydrochloric acid, however, to dilute solutions of saliva, 
giving thereby a small percentage of acid-proteids, appears to 
still further increase diastatic action. Under nuch conditions 
a minute trace of free acid appears to still further increase the 
action. 

" 0.008 per cent free hydrochloric acid almost completely 
stops the amylolytic action of ptyalin. The larger the amount 
of saturated proteids, the more pronounced becomes the 
retarding action of free acids. 

** The retarding effects of smaller percentages of free acid 
are not due wholly to destruction of the ferment. Pronounced 
destruction takes place with 0.005-0.01 per cent free hydro- 
chloric acid. 

"Proteid matter, in influencing the diastatic activity of 
salivary ptyalin acts not only by combining with acids and 



• Kabel, ArchiT f Ur die gesammte Phyeiologie, 1890, Ixxri, p. "276. 

t Chittenden and Smith, Studies from the Laboratory of physiological 
Chemistry, Yale Unirersity, 1886, 1, p. 1. Also transactions of the Con- 
necticnt Academy, 1886, ri, p. 843: Jahresbericht ffir Thlerchemie, 1886, xr, 
p. 266. 

t E.g., Austin, Boston Medical and Surgical Journal, 1890, czl, p. 826. 
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alkalies, but apparently also by direct stimulation of the 
ferment." * 

Kiibel employed a method introduced by Paschutin for the 
estimation of relative amylolytic activity : at the end of each 
trial digestion equal quantities of potassium hydix)xide solu- 
tion were added to the digestion mixtures, and the whole was 
then plunged into a boiling water-bath for a definite intervaL 
In order to estimate more accurately the extent of digestive 
action from the intensity of the yellow-brown color brought 
about by the reaction of the caustic alkali with the soluble 
products of amylolysis (Moore's reaction), Kiibel devised a 
colorimetric procedure suggested by that of Griitzner for 
pepsin determinations. Solutions of potassium bichromate 
in various definite dilutions were employed for the color 
comparisons. Although a method of this character is less 
exact than direct quantitative determinations of the sugar 
formed, it gives quite comparable results and makes it possible 
to carry out a very large number of estimations at one time. 
From such experiments Kiibel concluded that for a two per 
cent starch paste, acids of s}n5 ^ or weaker strengths consider- 
ably facilitate the amylolytic action of human mixed saliva, f 
Greater concentration of acid tends to inhibit the amylolytic 
power, the degree of inhibition vaiying, for equimolecular 
strengths, with the acids used. 

A comparison of KUbers work with the earlier investigi^ 
tions from this laboratory makes it evident that his conclu- 
sions have for the most part been anticipated. Thus Chittenden 
and Smith clearly demonstrated that small percentages of acid- 
proteids tend to increase amylolytic action, and that a minute 
trace oifree acid appears to facilitate the action still further. 
Kttbers results, while they are comparable with one another, 
will not permit any general conclusion such as he has drawn 
regarding the exact percentages of acids or alkalies which stim- 
ulate or inhibit amylolytic activity ; for the work of previous 

* Chittenden and Smith, Stndies from the Laboratory of phyiiological 
ChemiBtry, Yale Unirersity, 1885, i, p. 83. 

t Kiibel, Archir f ttr die geaammte Physiologie, 1899, Ixxvi, p. 303. 
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investigators has emphasized the important influence which 
the presence of proteids may exercise — a fact apparently over- 
looked by Kiibel. Proteid matter tends to prevent the de- 
structive or inhibitory influence of acids by combining with 
them; in comparing the rate of digestive action under dijBferent 
conditions, it is obviously necessary to take into consideration 
the amount of proteid present. Thus the dilution of the saliva, 
or the differences in the concentration of the secretion col- 
lected at different times or from different individuals may 
bring about digestive variations when all the other condi- 
tions are constant, owing to the varying quantities of proteid 
thus introduced. Further progress was made when it was 
demonstrated by Chittenden and Smith that free acid, i. e., 
acid which reacts with tropaeolin 00, readily destroys the 
enzyme of the saliva. The difference between free and com- 
bined acid in their relative destructive or inhibitory power 
appears to have been overlooked by Kiibel. It wiU be shown 
in the experiments to follow that digestion never proceeds at 
all in the presence of more than the merest traces of free hy- 
drochloric acid; and it would seem probable from our repeti- 
tion of Klibers experiments that in those instances in which 
he observed complete inhibition of digestive action, free acid 
was usually present. The conception of free acid as an in- 
hibitory agent towards ptyalin carries with it a definite idea ; 
it is independent of any consideration of the accompanying 
conditions, such as amount of saliva used, concentration of 
saliva or strength of starch paste. Whenever the digestive 
mixture gives a reaction for free acid, no amylolysis is to be 
expected. On the other hand, to speak of a definite total 
acidity of the fluid as influencing amylolysis in a definite 
way is scarcely permissible without defining carefully the 
conditions of the reaction, in particular the amount of proteid 
present. Even the different proteids vary widely in their 
combining power with acids. 
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alkalies, but apparently also by direct stimulation of the 
ferment" * 

Kiibel employed a method introduced by Paschutin for the 
estimation of relative amylolytic activity : at the end of each 
trial digestion equal quantities of potassium hydroxide solu- 
tion were added to the digestion mixtures, and the whole was 
then plunged into a boiling water-bath for a definite interval. 
In order to estimate more accurately the extent of digestive 
action from the intensity of the yellow-brown color brought 
about by the reaction of the caustic alkali with the soluble 
products of amylolysis (Moore's reaction), Kiibel devised a 
colorimetric procedure suggested by that of Griitzner for 
pepsin determinations. Solutions of potassium bichromate 
in various definite dilutions were employed for the color 
comparisons. Although a method of this character is less 
exact than direct quantitative determinations of the sugar 
formed, it gives quite comparable results and makes it possible 
to carry out a very laige number of estimations at one time. 
From such experiments Kiibei concluded that for a two per 
cent f^taivh paste, acids of ^iiy ^ or weaker strengths eonsider- 
aljly faeilitiite the amylolytic action of human mixed saliva, f 
Greater concentration of acid tenda to inhibit the amyloljtic 
f>o^ver, the dcgix^e of inliibition varying, for equimolecular 
strengths, witli the acids used, 

A compariiTion of Ktibera work with the earlier inTestiea- 
tions from tliis kbomtory makes it evident that his conchi- 
sirm.s have for the most part been anticipated. Thus Cliittend- -i 
and Smith clearly demonstrated that small percentages of i 
piTJteids tend to increase amylolytic action, and that a ^ ti^ 
tmce of free acid appears to facilitate the action still i,i 
Kiibers results, wKile they are comparable with mio 
will not permit any geneml conclusion Bur*h -» 
J'e/TfJirtlfng the emact percentages of aeids -- 
ulate or inhibit amylolytic activitj' : 

* Chltten<ien an<3 Smithy Stni ^^^- 

Chemhiry, Vflie tJniversiM'. !- ^ 

t Kubel, Archil' ftir dlr "W - 
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EXPSBIMENTAL. 

In the part following we shall attempt to demonstrate some 
of the points just discussed, by extracts from the protocols of 
our experiments. Our method has been similar to that of 
KiibeL Starch paste made from pure, neutral, arrowroot 
starch; acid of known strength; and lastly saliva variously 
diluted, have been mixed together, and the extent of amy- 
lolysis at different temperatures determined after various in- 
tervals (usually ten minutes). Kttbel's colorimetric method 
was followed in estimating the relative rate of digestion. The 
presence of free hydrochloric acid was tested for by the deli- 
cate reaction with dimethyl amidoazobenzol first introduced 
by TCpfer.* 

Tix%t Series. — The experiments of this series illustrate how 
the individual conditions may influence the limits of amylo- 
lytic action independently of the quantitative relations of the 
reagents which enter into the digestive mixture. They are 
intended to contrast with Experiment 19 of KiibeL As in 
his experiment, so here, a four per cent neutral starch paste 
was used ; mixed human saliva was diluted with one part of 
water, filtered, and finally diluted with three parts of glycerine. 
Different lots of saliva were employed. Under such condi- 
tions Kiibel found — with his own saliva and wheat-starch 
paste — that in a mixture containing five c.c. of starch paste, 
0.3 c.c. of saliva, and five c.c. of acid of known strength, the 
digestion at room temperature and during a period of ten 
minutes was facilitated by hydrochloric acid of ^nrVv to ^Jx^n 
resultant strength, and entirely checked by yj^ n or stronger 
hydrochloric acid. In the typical protocols tabulated (Tables 
A, B) it wiU be seen how the limits of digestive action may 
vary with saliva from different sources, etc. It will also be 
noted that digestion has not proceeded in those experiments in 
yAAch free hydrochloric acid was detected. 

The favorable action of very small quantities of acids (com" 

* Topfer, Zeitechrift ftir physiologische Chemle, 1894, xix, p. 104. 
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TABLE B. 

In these experiments each test tube contained 5 c.c. starch paste, 0.3 c.c. 
dilute saliya, 6 c.c. HCl of the strength indicated. Temperature, 17^ C. 
Period of digestion, 10 minutes. 



No. 

of 

Tobe. 


HCl 
added. 


Total 
Aciditir 
aaHCL 


Reaction 

for/re« 

HCL 


Beaulta.* 


Experiment I. 


Experiment II. 


Experiment UL 


1 
2 
8 


c.c. 


Percent 
0.0000 
0.0036 
0.0018 


+ 


Digestion, 6. 
No digestion. 
Digestion, 6. 


Digestion, 5. 
No digestion. 
Digestion, 2. 


Digestion, 2}. 
No digestion. 
Digestion, 2^. 



lined acid in every case) is demonstrated, in agreement with 
previous observers, by the following protocol : — 

TABLE C. 
Period of digestion, 10 minutes. Temperature, 87^ C. 



No. of 
Tabe. 


DUuted 
Saliva 
Added. 


HCl 
Added. 


Total Acidity 
aaHCL 


Reaction 

tor free 

HCL 


Beault 


1 
2 
8 
4 
6 


ce. 
0.8 
0.3 
0.8 
0.8 
0.3 


0.C 

6H,0 


Percent 
0.0000 
0.0043 
0.0021 
0.0010 
0.0006 


- 


Digestion, 2. 
No digestion. 
Digestion, o. 
Digestion, 6. 
Digestion, 8. 



TABLE C (continued). 
Period of digestion, 10 minutes. Temperature, I?*' C. 





H 




Total 
Acidity 
aaHCL 




Beaults. 


Exp. I. 


Exp.n. 


Bxp.m. 


1 

2 
8 
4 


0.0. 

0.8 
0.3 
0.8 
0.3 


c.c 

6H50 


percent. 
0.0000 
0.0036 
0.0024 
0.0018 


+ 


Digestion, 4. 
No digestion. 
Digestion. 10. 
Digestion, 6. 


Digestion, 8. 
No digestion. 
Digestion, 2. 
Digestion, 4. 


Digestion, 4. 
No digestion. 
Digestion, 2. 
Digestion, 6. 



* The figures refer to the artificial color scale indicating relatire extent of 
amylolysis. 
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Second BerlM. — The following experimentB are selected to 
illustrate how an increase in the amount of neutral saliva 
added may modify the influence of a definite proportion of 
acid, presumably owing to a combination of its proteid with 
the latter. The relatively weaker inhibitory action of com- 
bined acid is thus demonstrated. 

TABLE D. 
Period of digestion, 10 minntes. 



No. of 
Tube. 


DUutod 
BaliTa 
Added. 


HGl 
Added. 


Total AddUr 
mHCL 


Beralts. 


Bzp.L 
Ttenp.40OO. 


E!xp.n. 
Ttaip.l7»0. 


1 
2 
8 


0.0. 

3.3 
8.3 
8.8 


0.0. 

2H,0 

2r7Snj 


peroent. 
0.0000 
0.0086 
0.0018 


Digestion, 6. 
No digestion. 
Digestion, 12. 


Digestion, 8. 
No digestion. 
Digestion, 6. 



In Experiment I, 8.8 c.c. salira were added to Tube 2, whereupon the mix- 
ture was digested, and gave a color comparable to No. 4 of the color scale. 
In Experiment II, it required three successiye additions of ZJ& salira to bring 
about digestion. 

TABIJE B. 
Period of digestion, 10 minutes. Temperature, 17^ C. 



No. of 
Tube. 


Dilated 
SaliTa Added. 


HOI Added. 


Total Acidity 
aaHGL 


Reeotlon 

for /res 

HCL 


Remit. 


1 
2 
8 

4 


0.0. 

0.3 
0.3 
0.8 
0.8 


0.0. 

eHjO 


peroent. 
0.0000 
0.0036 
0.0024 
0.0018 


+ 


Digestion, 6. 
No digestion. 
No digestion. 
Digestion, 10. 



At the end of ten minutes 0.3 c.c. salira was again added to Tubes 2 and 
3. Tube 2 still gare an acid reaction, while Tube 8 digested at once, and at 
the end of ten minutes gare with potassium hydroxide a color reaction 
slightly weaker than that obtained with Tube 1. 

In the following protocols the effect of the reverse process, 
namely, diminishing the amount of neutral saliva added when 

27 
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the other conditions are unchanged, is illustrated. (See Table 
F, page 419.) 

Third Series The influence of increased quantities of 

neutral starch paste in modifying the inhibitoiy effect of 
acid is shown below. 

TABLB G. 
Period of digestion, 10 minutes. Temperature, 87® C. 



Wo. of 
Tube. 


Starch 
PMte 
Added. 


Water 
Added. 


HGl 
Added. 


Total 

Aoidi^M 

HCL 


naoted 

BaUvs. 


Bemlt 


1 
2 
8 
4 
5 


C.C 

1 
2 
3 
4 
5 


0.0. 

4 
8 
2 

1 



0.0. 


peroent. 
0.0036 
0.0086 
0.0086 
0.0086 
0.0086 


0.0. 

0.3 
0.8 
0.8 
03 
0.8 


No digestion. 
No digestion. 
Digestion 2. 
Digestion 4. 
Digestion 6. 



In Table H the effect of acid of Taxying strength upon the 
saliva is shown. It was first ascertained that five c.c. of saliva 
carefully neutralized to litmus required exactiy five c.c. i^js » 
hydrochloric acid to give the faintest reaction with dimethyl 
amidoazobenzoL Equal volumes of saliva were then mixed 
with varying quantities of hydrochloric acid, the total volume 
in each case being kept the same. At the end of the intervala 
indicated, the mixtures were carefully neutralized to litmus, 
and their digestive power tested with starch paste. The 
results of two experiments are given in Table H. 

TABLE H. 



No. of 
Tube. 


DQuted 
SaUra. 


Water 
Added 


« 


Total 
Acidity 
aaHCL 


Renate. 


Bxp.1. 

90 minutes at 
17° C. 


Bxpcn. 

Uhooraal 


1 
2 
8 
4 


O.C. 

6 
6 
6 
6 


0.0. 

10 
12 
13 
14 


CO. 

10 
8 
7 
6 


peroent. 

0.0146 
0.0116 
0.0102 
0.0081 


No digestion. 
No digestion. 
Digestion. 
Digestion. 


No digestion. 
No digestion. 
No digestion. 
No digestion. 
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From these data it will be seen, as has already been pointed 
out by Chittenden and Smith, that free hydrochloric acid, 
especially when it reacts for any length of time, is destructiye 
to the enzyme of the saliva, even with extreme dilution of the 
acid. 

With reference to the retarding effect of alkalies upon 
salivary digestion as ascertained by Kubel, we recall that 
Chittenden and Smith * also pointed out the inhibitory reaction 
in the case of sodium carbonate. But in this instance they 
likewise emphasize the importance of considering the dilution 
of the saliva and consequent changes in the amount of 
proteid present, before any definite statement can be arrived 
at for definite strengths of alkalL 

In discussing the fate of the saliva in the stomach during 
digestion, it will hereafter be necessary to take into consider- 
ation the investigation of Cannon f on the absence of move- 
ment in the fundus, if the observations on the cat and dog be 
applicable to other animals and man also. The food is not 
readily mixed with the gastric juice in this portion of the 
organ, and consequently an acid reaction does not develop for 
some time. Salivary digestion may thus presumably proceed 
for some time in this region without marked retardation. 

Summary. 

The chief object of this note has been to point out that it is 
impossible to designate any percentage of acid or alkali which 
inhibits salivary digestion in a definite degree. The character 
of the action is dependent also upon the absolute amount of 
saliva and the attendant variation in the quantity of proteid 
matter present. Whenever /ree hydrochloric acid is present, 
inhibition — more or less complete — is certain to result. 

* Chittenden and Smith, Studies, etc., p. 33. 
t Cannon, Amer. Jour. Physiol., 1898, i. p. 879. 
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IV. 

ON THE CONNECTIVE TISSUE IN MUSCLE. 

By J. H. GOODMAN. 

In a paper from the hygienic institute in WtirzbuTg, E. 
Schepilewsky * has quite recently described a new method 
for tibe determination of connective tissue in muscle. Strips 
of meat are gently rubbed in a mortar with water, the latter 
being repeatedly renewed. It is possible to remove the bulk 
of the true muscular tissue in this mechanical way, and to 
retain the meshwork of connective tissue. The water is next 
poured through a fine sieve which holds the detached pieces of 
connective tissue, but allows the muscle elements to pass 
through. According to Schepilewsky, practically all of the 
connective tissue can thus be retained, while only small quan- 
tities of muscle fibres themselves are held back in the mesh- 
work of tissue. The latter is now rubbed up with five per 
cent sodium hydroxide solution and allowed to stand in contact 
with the alkali for some time. The true muscle elements are 
found entirely dissolved at the end of fifteen hours ; the con- 
nective tissue swells up and becomes transparent, showing 
the elastic fibres in clear outiine. The undissolved mass is 
thereupon filtered through a perforated porcelain plate covered 
with cotton-wool and is washed well with water ; the entire 
residue, including cotton, is next boiled gentiy for five or ten 
minutes with a small volume of half per cent sodium hydroxide 
solution. The collagen passes into solution in the hot alkali, 
leaving the elastic fibres undissolved. By determining the 
nitrogen in a portion of the filtered solution, the amount of 
collagen dissolved can readily be estimated. In discussing the 
details of the method, Schepilewsky writes as follows, regarding 
the action of the strong alkali : " The lye dissolves the proteids, 
at the same time saponifying the fats and extracting from the 
connective tissue the greater part of the rrntcin; the latter is 

• Schepilewsky, Archir fUr Hygiene, 1899, xxzir, p. d4& 
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leadily detected by adding an excess of acetic acid to the filtered 
alkaline fluid. The proteids present in the latter are redis- 
solved by this procedure, while the mucin is precipitated in 
flocks." Again, in reference to the final alkaline fluid obtained 
after the treatment with the more dilute alkali, it is stated : 
*^ There may still be present a small quantity of mucin^ which 
is readily removed by adding acetic acid in excess and filtering 
off the precipitate formed after some time ; fatty acids are also 
retained on the filter." * 

Although we have been unable to find any reference to the 
occurrence of mucin in muscles, it did not seem improbable 
that this compound proteid might be present; for mucin is a 
characteristic component of white fibrous connective tissue, 
and apparently also of bone-f We have therefore separated 
the connective tissue from muscle and isolated the so-called 
mucin described by Schepilewsky. Three different samples of 
muscular tissue were examined, two of which were lean beef, 
the third being rabbit's muscle. In each instance about five 
hundred grams of the meat were chopped up, rubbed in a 
mortar repeatedly with water and strained, until practically all 
of the muscle fibres were eliminated. The connective tissue 
residue was then placed in five per cent sodium hydroxide so- 
lution for about fifteen hours. The resulting extract was 
strained off and filtered ; the filtrate was acidified with acetic 
acid and the flocculent precipitate obtained was washed thor- 
oughly with water by decantation, with alcohol and ether, and 
dried at 105° C. This was preparation A, which might be 
made up in part or entirely of mucin, as the latter is readily 
soluble in alkalies, but insoluble in excess of acid. The residue 
undissolved after treatment with the caustic alkali was treated 
with half per cent sodium hydroxide solution, in which the 
collagenous tissue dissolved together with some saponified fats. 
The solution was filtered and acidified with an excess of acetic 
acid, which threw down a precipitate of proteid and fatty 
acids. This precipitate would not dissolve completely in a 

* Schepilewsky, loc. cit., pp. 367-358. 

t Gies, Amer. Jour. PhjeioL, 1900, iii, p. tIL 
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very large excess of acid ; on treatment ^th boiling alcohol, 
nearly all of it went into solution as fatty acid, leaving only a 
trace of proteid behind. Portions of fatty acid obtained in 
this way melted above 62^ C. 

In order to determine the identity of preparation A as 
mucin, portions of about 1.5 grams were heated for fourteen 
hours with two per cent hydrochloric acid. It was hoped to 
bring about a cleavage of the glycoproteid in this way, if 
mucin were present* The solution was nearly neutralized 
(never becoming alkaline), and was concentrated to a small 
volume. The presence of a soluble carbohydrate was tested 
for with Fehling's solution. No reduction was ever observed, 
and no carbohydrate group could he detected in any preparation 
of the 80-called mtunn. Furthermore, the mucins are aU char- 
acterized by a relatively low content of nitrogen in contrast 
with simple proteids. Thus tendon mucin contains less than 
12 per cent of N, while snail mucin and submaxillary mucin 
contain 18.6 and 12.8 per cent respectively.! Analyses of the 
preparations from muscle gave &r higher results, as will be 
seen in the summary below. The nitrogen determinations 
were made in duplicate by the Kjeldahl-Gunning method. The 

ANALYSES OF PREPARATION A. 



Boaroe. 


A«h. 


Nitrogen. 




1. Beef 

2. " 

a Rabbit 


Per cent. 
0.66 
0.84 
1.20 


Percent. 

16.07 
16.22 
16.02 


None. 
None. 
None. 



figures given are calculated for the ash-free substance. Since 
the nucleoproteids resemble the true mucins in their solubili- 
ties, phosphorus determinations were made by Hammarsten's 
method, in order to ascertain whether the material under inves- 
tigation belonged to the former class. Only traces of phos- 
phorus — less than 0.01 percent — were found, and these were 
evidently due to adherent phosphate also detected in the ash. 

* Chittenden and Gies, Journal of Experimental Medicine, 1806, i, p. 186. 
t Halliburton, Schaefer's Textbook of Physiology, 1898, i, p. 62. 
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From the preceding considerations it is evident that the 
material assumed by Schepilewsky to be mucin is neither 
a glycoproteid nor a nucleoproteid. Its composition and solu- 
bilities recall the stroma stibstance of J. von Holmgren.* 
This investigator, repeating Danilewsky*s experimentSjf treated 
the insoluble muscle stroma remaining after complete extrac- 
tion of muscle with water and ammonium chloride solution, 
with dilute alkali. He obtained in this way from horse and 
rabbit muscle a proteid precipitable by acids and yielding 
neither xanthin bases nor reducing substances. Von Holm- 
gren's stroma proteid contained from 15.84 to 16.66 per cent 
of nitrogen. 

In speaking of the final filtrate — the gelatin solution 
obtained by dissolving the connective tissue in hot alkali — 
Schepilewsky says: "It gives no coloration with Millon's 
reagent, if the proteids have actually been removed." J It 
has been taught quite universally that pure gelatin does not 
give Millon's reaction ; the latter, when obtained with gelatin 
solutions, is attributed to contaminating proteids.§ But the 
investigations of Van Name || in this laboratory have demon- 
strated that perfectly pure gelatin, prepared from connective 
tissue, still gives a red coloration when warmed with Millon's 
reagent; and this observation has received confirmation in 
the recent work of 0. Th. MOmer.^ In order to test the 
matter still further we have neutmlized and concentrated 
the gelatin-containing filtrates obtained by Schepilewsky's 
method, and have precipitated the albuminoid material with 
alcohoL The precipitate of gelatin (or gelatoses) gave the 
characteristic red coloration with Millon's reagent. 

• Von Holmgren, Jahresbericht f ttr Thierchemie, 1893, xxiii, p, 860. 

t Danilewskj, Zeitschrift filr physiologische Chemie, 1882, yu, p. 124. 

t Schepilewsky, loc. cit, p. 858. 

§ E. g., Neomeister, Lehrbnch der physiologischen Chemie, 1897, p^ 68. 
Salkowski, Practicnm der physiologischen und pathologischen Chemie, 1900^ 
p. 199. 

II Van Name, Journal of Experimental Medicine, 1897, ii, p. 117. 

Y C. Th. Momer, Zeitochrif t f tur phydologiache Chemie, 1899, xxriu, p. 484. 
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